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THE 52ND ANNUAL CONVENTION.of the American 
Foundrymen’s Society was held in Philadelphia, May 
-7, 1948. The Biennial Foundry and Allied Indus- 
tries Show was staged by the Society in conjunction 
with the convention. Exhibits were displayed in Con 
vention Hall. 

Credit for the cordial reception and hospitality re 
ceived by those in attendance is given to the Philadel 
phia Chapter of A.F.S. under the general chairman 
ship of John M. Robb, Jr., Hickman, Williams & Co., 
Inc. This committee excelled in its splendid work 
and hospitality as host to the large number of mem 
bers and guests attending. 

[his exhibit broke previous records from the stand 
point of number and quality of exhibits. Over 270 
companies exhibited. Over 13,000 foundrymen, met 
allurgists, and representatives from allied industries 
throughout the United States and from 17 foreign 
countries attended the convention. During the five 
days ol the meeting, 50 sessions were held for presenta 
tion of about 100 timely technical papers and com 
mittee reports. A series of five lectures on Foundry 
Quality Control was featured 

\ summary ol the sessions which were held in the 
mecting rooms in Convention Hall, Bellevue-Stratford 
Hotel, and the Benjamin Franklin Hotel follows: 


ALUMINUM AND MAGNESIUM SESSION 


Vonda May 3, 10:00 A.M 
Presidt L.. Brown, Magnesium Fabricators Div., Bohn Alum 
inum and Brass Corp Adrian, Mich 
Co-Chairmar \. T. Ruppe, Bendix Products Diy Bendix 
\viation Corp., South Bend, Ind 
Effect of Gatir Design n Metal Flow Conditions in Casting 
Vagnesiun tlloys—H. |} Elliott, Dow Chemical Co., Bay 


City, Mich, and J]. G. Mezofft, Saginaw Bay Industries Ine Bay 
Cuit\ Mich 

1 Stud tf Fa s Affect t | Pouring Rates of Castu 
H. EF. Elliott, Dow Chemical Co., Bay City, Mich., and J]. G 
Mezotl, Saginaw Bay Industries, Bay City, Mich 

Siep Agu of a Magnesitum-Base Casting Alloy—E. ]. Vargo 
Wellman Bronze and Aluminum Co., Cleveland, and G. Sachs 


Case Institute of Lechnologs Cleveland 


EDUCATIONAL SESSION 
Monday, May 3, 10:00 A.M 


Presiding—W. H. Ruten, Polytechnic Institute of Brooklyn 
Brooklyn 

Co-Chairman—L. G. Probst, National Engineering Co., Chi 
cavo 

ELngineeru Lducatior for the Foundry Industry—G K. 


Dreher, Foundry Educational Foundation, Cleveland 
Recruiting and Training Panel—G. |. Barker, University of 
Wisconsin, Madison, Wis.; I. Ivan, Whiting Corp., Harvey, HL; 
Glenn Kies, Industrial Training Service, Detroit; H. L. Rosse, 
Eddystone Borough Schools, Pa.; F. B. Skeates, Link Belt Co 
Chicago; R. 8S. Tour, University of Cincinnati, Cincinnati. 





SUMMARY OF PROCEEDINGS OF THE 52nc 
ANNUAL MEETING 





MALLEABLE SESSION 
Monday, May 3, 10:00 A.M 





Presidinge—W D. McMillan, International Harvester ( 
Chicago 

Co-Chairman—W. B. McFerrin, Electro Metallurgical ¢ 
Detroit 

Bf f ti Common Alloying Elements on the Tensile P 
erties of Malleable Tron—H. A. Schwartz and W. K. Bock, » 
tional Malleable & Steel Castings Co., Cleveland 

Thre ( mistruction and Operatio i ari O1 Fired Va Cu 
Tron Holding Furnace—F. Coghlin, Ji Albion Malleable hh 
Co., Albion, Mich 

Influence of Chromium on the Graphitization of White ¢ 
Tron—Gabriel Joly Technical Center of Foundry Industrie 
Paris, France—French Exchange Paper, Presented by C. O. Bu 
gess, Formerly Union Carbide & Carbon Research Labs., Niaga 


Falls, N.Y Now with Grav Iron Founders’ Society, Clevela: 


BRASS AND Bronze RouNp TABLE LUNCHEON 
Vonday, May 3, 12:00 Noon 








Presiding—B. A. Miller, Baldwin Locomotive Works, Philade : 
phia 
Co-Chairman—R. J. Keeley, Ajax Metals, Philadelphia 
Subject Recent Developments , thre Ve fing of Brass 
Bron 
Discussion Leader—H. L. Smith, Federated Metals Div., Am« 
ican Smelting & Refining Co., Pittsburgh 
\LUMINUM AND MAGNESIUM SESSION 
Vonday, May 3, 2:00 P.M 
Presidinge—C. FE. Nelson, Dow Chemical Co., Midland, Mict 
Co-Chairman—M. H. Young, Wright Aeronautical ¢ orp., Woo 
Ridge, N. ] 
Can Castings Be Engineered?—F¥. G. Tatnall, Baldwin Locom« \ 
tive Works, Eddystone, Pa 
Engineering For fluminun Ile Castings I G. Gauthr ce 
ind H. J. Rowe, Aluminum Co. of America, Cleveland 
l) 
MALLEABLE SESSION 
VMonday, May 3, 2:00 P.M B 
Presiding—C. F. Joseph, Central Foundry Div., General Moto 
Corp., Saginaw Mich 
Co-Chairman—Eric Welander, Union Malleable Iron Works 
Deere & Co., East Moline I] 
{pplication of Correlation in the Malleable Iron Found 
R. G. Seidel, National Malleable & Steel Castings Co., Cleve M 
land 
Produ yn Hardness Testing in a Malleable Shop—C. Schneid 
and L. Ulsenheimer, National Malleable & Steel Castings Ce 
Cleveland R 
BRASS AND BRONZE SESSION 
Monday, May 3, 4:00 P.M 
Presiding—H. M. St. John, Crane Co., Chicago 
Co-Chairman—]. J]. Curran, Walworth Co., Greensburg, P 
I? {pproach to Quality Control in Casting Production—G. |} \ 
Eggleston and V. A. Simpson, Barnes Mfg. Co., Mansfield, Ohi 
Ingot Metal vs. Virgin Metal—F. L. Wolf, Mansfield, Ohio 
LECTURE COURSE SESSION 
Vonday, May 3. 4:00 P.M. : 
Presiding—M. E. Brooks, Dow Chemical Co., Bay City, Mic 
Co-Chairman—D. Basch, Almin. Ltd. of Great Britain, Scl 
nectady u 
Subject—Test Procedures for Quality Control of Aluminu 
and Magnesium Castings. M 














WARY OF PROCFEDINGS 
Leack I \ Blackmun, Aluminum Co. of A 
EDUCATIONAL DINNER 
Vonda Ml >, 6:30 P.M 
t \. W. Gregg. Whiting Corporation Harvey, Il 
D. | Lane Bethlehem Steel Co., Sp 
Mi 
Vl I ij I i 
Leader—M. |. Grego Peoria 
GRAY IRON SHOP CouURSE SESSION 
Vionda Va 3, 8:00 PM 
I J]. Burke, Hanna Furnace Co., Buffalo, N.\ 
( A. N. Kraft, Wilkening Mfg. Co., Philadelp} 
( ore—I : Slagging F e Cupola 
ISsit Leader— I W. Cun ILvnchbure Found) C 
{ \ 
SAND SHOP COURSE SESSION 
Mone May 3, 8:00 P.M 
R. F. Thomson, International Nickel Co., Det 
( ( \. Sanders, American Colloid Co., Chicag« 
' Ce \ I ‘2 Sands 
ission Leader—]. J. Shannon, Jenkins Bros., Bridgeport 


\LUMINUM AND MAGNESIUM SESSION 


Tues Vay 4, 10:00 A.M 

H. Brown, Solar Aircraft Co., Des Moines. lo 
( Hi R Youngkrantz \pex Smelting C« Cl 
u Ziv Mag . Coppe Casting 1 s—] \ 
oor Battelle Memorial Institute, Columbus, and L. W 
deceased, torme t! Aluminum Co. of America 

i l d G s Tens Prope ie 
l 4.5 Cu (N 95) Casting Allo W. E. Sich: 

R. C. Boehm, Aluminum Co. of America, Cleveland 

ij ( / f ET d Casting Alloys—W. E. Sicl 


R. C. Boehm, Aluminum Co. of America, Cleveland 


BRASS AND BRONZE SESSION 





luesda Mie {, 10:00 A.M 
i dau R. M. Brick University of Pennsylvania, Philadel 
( ( 1 1 ( \. Robeck, Gibson & Kirk Co., Baltimore 
Ma 
The Tech u ; 4 er-Leat {/loys—R. W K. Honey 
be, Melbourne Australia, /nstitute of Australian Found 
Exchange Paper, presented by Wm. Ball, ]r., Magnus Brass 
Li National Lead Co., Cincinnat 
The Effec f Found Practice on the Properties of Some 
Bina Copper-Silicon Alle \. I. Krynitsky, W. P. Saunders 
H. Stern, National Bureau of Standards, Washington, D.( 
MALLEABLE SESSION 
luesda Vay 4, 10:00 AM 
Presidi G \. Vennerholn Ford Motor Co Dearbort 
Mich 
( Cha W. B. McFerrin, Electro Metallurgical Co., De 
EL flee f Ma anese Sulphur Ratio on the Rate of Annea 
heart Malleable lron—]|. FE. Rehder, Bureau of Mines, Ot 
1, Canada 
Pea Malleable Ih P tlloyed—D. |]. Reese, In 


national Nickel Co., New York, and Richard Schneidewind 
versity of Michigar Ann Arbor, Mich 


\LUMINUM AND MAGNESIUM RouNpb [TABLE LUNCHEON 
Tuesday, May 4, 12:00 Noon 
Presidit W. |. Klayer, Aluminum Industries, Inc., Cincin 


Co-Chairman—M. E. Gantz, American Magnesium Co., Cleve 


Thre Develobment ot a Pe anent Mold for fiuminum Te 
Test Bars—L., ]. Ebert, R. E. Spear, and G. Sachs, Case Insti 


ite of Technology, Cleveland 





Discussion on Permanent Mold Casting of Aluminum and 





is 
Magnesium filoys 














Taste LUNCHEON 


TRANSFER SESSION 


AND DIRECTORS 


EQUIPMENT SESSION 
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Gray IRon SHop Course Session 
Tuesday, May 4, 8:00 P.M 


Presidine—H. H. Wilder, Eaton Mfg. Co., Vassar, Mich 

Co-Chairman—B. A. Miller, Baldwin Locomotive Works, Fddys 
stone, Pa 

Subject—Fffect of Blast Variation on Cupola Contro 

Discussion Leader—B. P. Mulcahy, Consultant Indianapolis 
Ind 


SAND SHOP Course SESSION 
Tuesday, May 4, 8:00 P.M 


Presiding—D. F. Sawtelle, Malleable Tron Fittings Co., Bran 
ford, Conn 

Co-Chairman—F. S. Brewster, Harry W. Dietert Co., Detroit 

Subject—Malleable Foundry Sands 

Discussion Leader—R. P. Schauss, Illinois Clay Products Co 


Chicago 


ANNUAL Business MEETING AND CHARLES EpGarR Hoyt 
ANNUAL LECTURE 
Wednesday, May 5, 9:30 A.M. 


Presiding—Max Kuniansky President American Foundry 
mens Societys 

President Kuniansky called the meeting to order as the Annual 
Business Meeting of the American Foundrymen’s Society. He 
then presented the President’s Annual Address. See page xiii 

Following this presentation President Kuniansky called on 
Secretary-Treasurer W. W. Maloney who reported on the nomi 
nations of Officers and Directors for the coming year and stated 
that no additional nominees had been received in accordance 
with the procedure prescribed in the Society By-Laws. He 
therefore cast the unanimous ballot of the membership of A.F.S 
for the election of the following: 

President (to serve one year) 

W B. Wallis, Pittsburgh Lectromelt Furnace Corp Pitts 
burgh 

Vice President (to serve one year 

KE. W. Horlebein, Gibson & Kirk Co., Baltimore 

Directors (to serve three years) 

I. H. Benners, Jr., T. H. Benners & Co., Birmingham 

N. J. Dunbeck, Eastern Clay Products, Inc., Jackson, Ohio 

\. M. Fulton, Northern Malleable Iron Co., St. Paul 

R. Gregg, Reliance Regulator Co., Alhambra, Calit 

V. E. Zang, Unitcast Corp Toledo, Ohio 

Director (to serve one year) 

Max Kuniansky, Lynchburg Foundry Co., Lynchburg, Va 

Following announcement of elections, President Kuniansky 
introduced the newly elected Officers and Directors present. He 
then called on Secretary-Treasurer W. W. Maloney who an 
nounced the 1948 \pprentice Contest winners as follows 

Patternmakinge Division 

Ist—Dwieht L. French Caterpillar Tractor Co., Peoria, Ill 

2nd—James ]. Kennedy, Jr., Burns & Wohlgemuth, Philadel 
phia 

ird—Robert J]. Schneider, Midwest Pattern Co Minneapolis 

Gray Iron Molding Division 

Ist—John Dean Morehead, Caterpillar Tractor Co., Peoria, III 

2Znd—John Coreno, Hill Acme Foundry, Cleveland 

ird—John Valichnac, Fulton Foundry & Machine Co., Cleve 
land 

Steel Molding Divisio» 

Ist—Adolph Scanzoni, Continental Foundry & Machine C« 


Kast Chicago, Ind 

2nd—Joseph J. Wienclawski, Birdsboro Steel Foundry & Ma 
chine Co., Birdsboro, Pa 

Srd—Frank Alabaise, West Steel Castings Co., Cleveland 

Non-Ferrous Molding Division 

Ist— Thomas D. Craven, Howard Foundry Co., Chicago 

2nd—Frank Posanki, Allis-Chalmers Co., Milwaukee 

ird—John Wegner, Waukesha Foundry, Waukesha, Wis« 

The Society arranged to have the four first prize winners pres 
ent at the convention and to receive their awards in person. The 
first-prize winners were called to the platform and President 
Kuniansky presented the awards to each of them individually. 
Lhe first-prize award consisted of $100 and an engraved Certifi- 
cate of Award 





Firty-SECOND ANNUAL Mert! 


Following presentation of Apprentice Contest awards, Py 
dent Kuniansky introduced Mr. FE. Longden, author of the | 
exchange paper to A.F.S. He brought with him a message 
congratulations from the I.B.F. and expressed his pleasure or 
ittendance at the 52nd Annual A.F.S. Convention 

President Kuniansky then called on Fred G. Sefing. Chairn 
of the Educational Division of A.F.S. who spoke briefly on 
plans of the Educational Division of A.F.S. for the coming ve 

President Kuniansky then called on Mr. H. Bornstein, Ch 
man of the Annual Lecture Committee who introduced 
Charles Fdgar Hovt Lecturer, Charles E. Nelson who delive: 
his lecture on “Grain Size Control in Magnesium Casti: 


which begins on p. 1 


ENGINEERING SCHOOL GRADUATES LUNCHEON 
Wednesday, May 5, 12:00 Noon 
Presiding—H. H. Judson, Minneapolis Moline Power Imp 
ment Co., Minneapolis, Minn 
Co-Chairman—C. V. Nass, Pettibone-Mulliken Corp., Chica 
Engineering Education—R. M. Brick, Universitv of Penns 
vania, Philadelphia 


PATTERN RouND TABLE LUNCHEON 
Wednesday, May 5, 12:00 Noon 

Presiding—L. } lucker, City Pattern & Foundry Co., In« 
South Bend, Ind 

Co-Chairman—H. K. Swanson, Swanson Pattern & Mode 
Works, East Chicago, Ind 

Subject—Patternmaking 

Discussion Leader—Martin Rintz, Continental Foundry 
Machine Co., East Chicago, Ind 


GRAY IRON SESSION 
Wednesday, May 5, 2:00 P.M. 

Presiding—V. A. Crosby, Climax Molybdenum Co., Detroit 

Co-Chairman—D. | Krause, Gray Iron Research Institut 
Columbus 

Relation of ¢ upola Research to Progress in Cast lron Develot 
ment—R. G. McElwee, Vanadium Corporation of America, D« 
troit 

1 Suggested Method for the Determination of Coke Reactivit 
to Carbon Dioxide at Combustion Temperatures—H. FE. Flanders 
University of Utah, Salt Lake City 


REFRACTORIES SESSION 
Wednesday, May 35, 2:00 P.M. 

Presiding—R. H. Stone, Vesuvius Crucible Co., Swissvale, Pitts 
burgh, Pa 

Co-Chairman—A. S. Klopf, Western Foundry Co., Chicago 

Testing Refractories for the Foundry—S. M. Swain, Nort! 
American Refractories Co., Cleveland 

Review of Refractories Used in Steel and Iron Foundries 
W. H. Owen, Harbison-Walker Refractories Co., Bellevue, Pa 


FOUNDRY EDUCATIONAL FORUM 
Wedne sday, May 5, 2:00 P.M. 


LECTURE COURSE SESSION 
Wednesday, Vay 5, 4:00 P.M 
Presiding—G A. Vennerholm, Ford Motor Co., Dearbor 
Mich 
Co-Chairman—F. J. Dost, Sterling Foundry Co., Wellingtor 
Ohio 
Subject— Test Procedures for Quality Contro 


; 


of Gray l 
Castings 

Discussion Leader—F. J]. Walls, International Nickel Co., De 
troit 

SAND SESSION 
Wednesday, May 5, 4:00 P.M 

Presiding—F. C. Troy, National Engineering Co., Philadelphi 

Co-Chairman—C. W. Briggs, Steel Founders Society, Clevelan« 

Surface Gas Pressure of Molding Sands and Core Sands—H. W 
Dietert, H. H. Fairfield, and F. S. Brewster, Harry W. Dieter 
Co., Detroit 

Changes in Chemistry of Liquid Steel in Contact with Sand 
Report of Mold Surface Committee, J. B. Caine, Chairma 
Sawbrook Steel Castings Co., Lockland, Cincinnati, Ohio 

{4 Survey of Sieve Series and Grade Scales—R. E. Morey, Nav 
Research Laboratory, Washington, D.« 











(MARY OF PROCEEDINGS 


CANADIAN DINNER 
Wednesday, May 5, 7:00 P.M 
FE. N. Delahunt, Warden King Ltd., Montreal 


REFRACTORIES SESSION 
Wednesda Vay 5, 8:00 PM 
A. S Klopt Western Foundry Co., Chicago 
Chairman—( F. Joseph, Central Foundry Div., Genera 
rs Corp., Saginaw Mich 


Please—Question and Answer Panel 


GRAY IRON SHOP CouRSE SESSION 
Wednesda Va 5, 8:00 P.M 
W. W. Levi, Lynchburg Foundry Co., Radford, Va 
Chairman—( I Lane Florence Pipe “ Machine Co 





scussion Leader—]. A. Bowers, American Cast Iron Pipe Co 


SAND SHOP COURSE SESSION 
Wednesda May 5. 8:00 PM 
E. ] Thomas, Cadillac Motor Car ¢ ompany, De 


Chairman—N. |]. Dunbeck, Eastern Clay Products Co., Inc 
kson. Ohio 





Subject—Gray Tre Found Sands 
Discussion Leader—'l W. Curry, Lynchburg Foundry Co 
burg, Va 
GRAY IRON SESSION 
Thursday, May 6, 10:00 A.M 
Presiding—A. E. Schuh, U. S. Pipe & Foundry Corp., Burling 
N.J 
Co-Chairman—F. G. Sefing, International Nickel Co New 
I k 
1 Laboratory Evaluation of Some Automotive Cast lrons—A 
8. Shuck, Koppers Co., In American Hammered Piston Ring 
s ) Baltimore, Md 
Contraction and Distortion in Ferrous Castings—E. Longden 
P. R. Jackson & Co, Ltd., Manchester, England—Institute of 
Foundrymen Exchange Pape 
Jop EVALUATION AND Time Srupy Session 
Thursday, May 6, 10:00 A.M 
Presiding—R. J. Fisher, The Falk Corp., Milwaukee 
Co-Chairman—M. E. Annich, American Brake Shoe Co., Mah 
ih, N.J 
Grinding Standards He » Eliminate Cleaning Room Bot 
necks—Dean Van Order, Burnside Steel Foundry Co., Chi 
ive 
STEEL SESSION 
Thursday, May 6, 10:00 A.M 
Presiding—W. W. Moore, Burnside Steel Foundry Co., Chi 
20 
Co-Chairman—H., F. Taylor, Massachusetts Institute of Tech 
ology, Cambridge, Mass 
Observation on Knock-Off Risers as Applied to Steel Castings 
|. A. Duma, Portsmouth Foundry & Engr. Corp., and 8S. W. Brin 
m, Norfolk Naval Shipyard, Portsmouth, Va 
1 Theoretica ipproach to the Problem of Dimer sioning Ris 
J. B. Caine, Saw brook Steel Castings Co., Lockland, Cincin 
ti, Ohio 
STEEL Rounp TaAsBLe LUNCHEON 
Thursday, May 6, 12:00 Noon 
Presiding—]. A. Duma, Portsmouth Foundry & Engr. Corp 


‘ortsmouth, Va 

Co-Chairman—]. A. Rassenfoss, American Steel Foundries 
ist Chicago, Ind 

Motion Picture on Gating Systems for Metal Casting—Wm. H 
johnson and Wm. O. Baker, Naval Research Lab., Washington 
un 


Followed by Discussion 





Fou Npry Cost SESSION 
Thur.da Ma 6. 210 PM 


Presidinge—R. L. Lee, Grede Foundries, Ine Milwaukee 

Co-Chairman—C. E. Westover, Westover Engineers, Milwaukee 

Questi n and Ans Pa» Cost Problems of General Int 
est, Method of Cost Accounting, Distribution of Costs, et 


GRAY IRON Session (SYMPoOsIUM ON Heat TREATMEN1 
oF GRay Cast IRON 
] irsday Ma 6 ? PM 


Presiding—|]|. S. Vanick, International Nickel Cs New York 

Co-Chair I. FE. Fagan, Cooper Bessemer Corp., Grove 
City, Pa 

Fundamentals of Heat 7 ting G Cas \. Bovles, | 
S. Pipe & Foundry Co., Burlington, N.] 

Gray lron Hardenali and Its Rela fir Quen 
Castings—R. A. Flinn and R. J. Ely, Ameri Brake Shoe C« 


Mahwah, N.] 


Lecture Course SESSION 


7 rsda May ¢ j i PM 
Presiding—G \ Lillieqvist American Steel Foundries, East 
Chicago Ind 
Co-Chairman— H. Lorig, Battelle Memorial Institute, Co 


lumbus 
Subject— Test Procedures f Quality Cor f Steel Cas 
Discussior le der | VW Juppenlatz Lebanon Steel Foundrs 


Lebanon. Pa 


GRAY IRON Session (SYMPOSIUM ON Heat TREATMEN’ 


or Gray Casr IRON) 
Thursda May 6, 4:00 PM 
Presiding—H. Bornstein, Deere & Co., Moline, Il 
Co-Cl man—D. A. Paull, Sealed Power Corp Muskegon 
Mich 
Stress Relief of Gra lron Castings ] H. Schaum, Naval Re 
search Laboratory, Washington, D. 
Conventional vs. Salt Bath Hardening of Cast Iron Cylinde 
Liners—G. Lahr, Detroit Diesel Engine Div General Motors 
Corp., Detroit 


SAND SESSION 
Thursda May 6, 4:00 PM 

Presiding—]. A. Rassenfoss, American Steel Foundries, Last 
Chicago, Ind 

Co-Chairma) E. ¢ Zirzow, National Malleable & Steel Cast 
ings Co., Cleveland 

Progress Report on High Temperature Properties of Stee 
Volding Sendis. P. FE. Kyle. Cornell University, Ithaca, New York 

Strainer Cores—H. L. Campbell, Western Foundry Co., Chi 
cago 

Causes of Rat-Ta Casti Defects—Report of A.F.A. Com 
mittee on Physical Properties of lron Foundry Molding Materials 
it Elevated Temperatures, H. W. Dietert, Chairman, Harry W 
Dietert Co., Detroit 


Jos EvALUATION AND Time Strupy Session 
Thursday, Ma 6, 4:00 PM 
Presiding—R. |. Fisher, The Falk Corp., Milwaukee 
Co-Chairman—M. E. Annich, American Brake Shoe Co., Mah 
wah, N.] 
Question and inswer Pane 


\.F.A. ALUMNI DINNER 
Thursday, Ma 6, 7:00 PM 
Presiding—Past President 8S. V. Wood, Minneapolis Steel Cast 
ings Co., Minneapolis 
GRAY IRON SHOP COURSE SESSION 
Thursday May 6, 8410 PM 
Presidine—kK. H. Priestley, Vassar Electroloy Products In 
Vassar, Mich 
Co-Chairman—Ralph Koch, U. S. Pipe & Foundry Co., Bur 
lington, N.] 
Subject—Factors Affecting Fluidity of Cupola lron 
Discussion Leader—R. F. Flora, Clover Foundry, Muskegon 
Mich. 





Sanp SHOP Course SESSION 
Thursday, May 6, 8:00 P.M 
Presiding—R. H. Jacobv, Key Co., East St. Louis, Il 
Co-Chairman— FE. FE. Woodliff, Foundry Sand Service Engineer 
ng Co., Detroit 
Subject—Steel Foundry Sands 
Discussion Leader—Charles Locke, Armour Research Founda 
tion, Chicago 
GRAY IRON SESSION 
Friday, May 7, 10:00 A.M 
Presiding—| I Mackenzic 
Birmingham, Ala 
Co-Chairman—W. W. Levi, Lyachburg Foundry Co., Radford 
Va 
Improvement of Machinability wv High Phosphorus Gra 
Cast Trons—W. W Austin, Jr 
Birmingham, Ala 
The Production of Nodular Graphite Structure in Gray Casi 
lTron—H. Morrogh, British Cast Iron Research Assn., Alvechurch 


Birmingham, England 


American Cast Iron Pipe Co 


Southern Research Institute 


STEEL SESSION 
Friday, May 7, 10:00 A.M 

Presiding—Frank Kiper, Ohio Steel Foundry, Springfield, Ohio 

Co-Chairman—V. E. Zang, Unitcast Corporation, Toledo, Ohio 

Tensile Prope rlies vs. Composition of Double Normalized Cast 
Siteel—W. K. Bock and H. A. Schwartz, National Malleable & 
Steel Castings Co., Cleveland 

The Delayed Quench for Steel Castings—S. L. Gertsman, Bu 
reau of Mines, Ottawa, Canada 

Electro-Chemical Cleaning of A Large Steel Casting—An Ex 
periment—]. A. Wettergreen, General Electric Co., Schenectady 


GRAY IRON SESSION 
Friday, May 2:00 PM 
Presiding—R. G. McElwee, Vanadium Corp. of America, De 
trout 
Co-Chairman—E. C. Jeter, Ford Motor Co., Dearborn, Mich 
Oxygen-Enriched Cupola Blast—W. ¢ Wick, Armour Re 
search Foundation, Chicago 
Solidification Characteristics of Gray lron—]. H. Schaum 
Naval Research Lab., Washington, D.C., and J. EF. Fifield, Inte1 
national Nickel Co., Hartford, Conn 


STEEL SESSION 
Friday, May 2:00 P.M 

Presiding—]. F. Randall, Ford Motor Co., Detroit 

Co-Chairman—D. C. Zuege, Sivver Steel Casting Co., Mil 
waukee 

Statistical Quality Control—A Ne Tool for the Foundryman 
H. H. Johnson and G. A. Fisher, National Malleable & Steel 
Castings Co., Sharon, Pa 

Developme ni of Techniques fo Quality Welding of Steel 
Castings—]. D. Wozny and F. I 


Foundries, East Chicago, Ind 


LaGrelius, American Steel 


ANNUAL BANQUET 
Friday, May 7, 7:00 P.M 
Max Kuniansky, President, American Foundrymen’s 


Pres ding 
Socielry 

Ihe Annual A.F.S. Dinner of the Society's 52nd Annual Con 
vention was called to order by President Max Kuniansky, pre 
siding. Mr. Kuniansky read a telegram from A. M. Cadman, 
President of Pittsburgh Foundrymen’s Association addressed to 
W. B. Wallis, A.F.S. President-Elect as follows 

The ofhcers and members of the Pittsburgh Foundrymen’s 
\ssociation congratulate you upon your election as President 
of the American Foundrymen’s Society. We are proud in the 
fact that you are the sixth Pittsburgher to receive that single 
honor. It is a tremendous job but we all know that it will be 
well taken care of.” Following singing of the National Anthem by 
Miss Geraldine Willier, President Kuniansky introduced Past 
President S. V. Wood, Chairman of the A.F.S. Board of Awards 
After brief introductory remarks Past President Wood introduced 
Past President J. L. Wick, Jr., who presented the Wm. H. Me 
Fadden Gold Medal to Egbert H. Ballard. 


PRESENTATION OF McCFAppEN GoLtp MEDAL 
Mr. Wick stated 
Tonight we partake in a ceremonial sponsored in 1921 by 
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four devoted members of the American Foundrymen’s Sox 


They believed that ‘accomplishment’ is its own reward, yet 
ized that public recognition of ‘accomplishment’ completes 
satisfaction. So they established a means by which conspicu 
performance might be recognized in a tangible way 

They did this by entrusting to the American Foundrym: 
Society an endowment fund, the income from which made 
medals of merit available to the Board of Awards. The mem 
ship of the Board of Awards is composed of the last se 
living presidents of the Society 

the W Ise provision of these sponsors these awards 

made only at such times as in the judgment of the Boa) 


Awards some individual merits such recognition 


Tonight's recipient of this Wm. H. McFadden Medal is 
my opinion, a man who has much in common with Wm. H. \ 
Fadden Their ‘backgrounds, approach to life, and points 
view,” harmonize completely—Egbert H. Ballard. One's first 
pression of a man is not always borne out by fuller acquaintar 
with him. With you, however, my first impression was likew 
my second: and since 1927 when I first met vou, I have alw 
found you just the same—serene and gracious, cheerfully cor 
dent, assuring all who know vou that you could and wou 
take care of your assignments Ihe spirit of friendship | 
ilways seemed to flow right from you 

‘According to the record, you became the 3lst president of t 
American Foundryvmen’s Society, after having served as 
president during 1931, and after having previously served as 
member of the board of directors from 1927-30 

The record states that vou were born in Hartford, Conn., a 
received your education in Lynn, Mass., to which city your fa) 
ily had moved along with the former Thomson-Houston Ele« 
tric Co. which eventually became the nucleus of the I 
plant of the General Electric Co 

I discovered that vou began doing part-time work du 
summer vacations when you were only 135 vears of age 

Except for the few years when you were superintendent 
the Massachusetts Steel Casting Co. at Everett, Mass., vou hi: 
been associated with the General Electric Co. throughout yor 
entire life until your retirement in 1943 

“Industry does not prosper under the leadership of those whos 
fitness is such that five years or so comprises their cycle of con 
plete usefulness. High responsibility is long responsibility; and 
we never find continuity in an enterprise without finding 
quality of devotion in its administration 

“Industry is more than mechanization and material structure 
it is made of human stuff, and those who grow with it over t 
years must be a part of it 

‘You have always been definitely a part of the foundry 
dustry. For the same reason, the American Foundrymen’s Societ 
is great today because it has been able to command the contin 
ing lovalty and the continuous devotion of men like you 

‘Egbert H. Ballard, it was your lot to be elected president i 
1981-32, a vear beset by troubles and uncertainty 

“We were just finishing the boom years from 1921-31 
called it the ‘new era’ and in it repeated all the errors t 
have characterized similar periods in the past. There was ov 
expansion, Ovel capitalization extravagances, attempts at mono} 
olistic control, unsound credits, labor unions pushing wages | 
to the levels that killed off business 

That year of strife and turmoil, 1931, produced substant 
losses in our membership in common with practically all ass« 
ciations and societies 

“You were the president of the American Foundrymen’s ‘ 
ciety and apparently found joy in testing your prowess again 
the forces of adversity which fell into your lap 

‘Life had proved a testing ground to you, and you imm« 
diately showed your mettle in the way you stood up agains 
mistortune 

“You rose to your full stature and demonstrated your fitness 
solve problems by cancelling the convention and exhibiti 
which had been planned for Philadelphia. This action on yot 
part received the unanimous approval of all our loyal exhi 
itors and members. 

“You, and your Board, and the A.F.S. staff, immediate 
brought the operating budget of our Society in harmony wit 
conditions as they then existed. 

“You saw in a little clearer light and had a keener appreci: 
tion of the value to our members and to our engineers in pa 


ticular, of the precious data, methods, practices, and procee: 
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Kno to ind ivalilable {« ceTtain groups and sections 1 Ric! il¢ (, Mol woe { ‘ uT¢ pricasuie ‘ i ol 
dus wind vou undertook its organization, correlation he Board of Awards oft e American Foundryme Ss Soc 
ssembt' ind throug! our devotion and folloy up, estal present to you the 1%ts rt \. Pento Gold Meda ( 
comn ttees who produced ind made available four vears { this certificate of Honorat Lite \Miembers | s c 
e first edition ot the Cast Metrats Hanppsook whicl ‘ echnical socet 
{s I rd edition > 
ert H Ballard mn the ime ol the Board ol \w irds and RESPONSI BY Mr Mi I LWei 
ird of Directors, and members! ip of the American Foun Mr. Mel ce 2rAacious COOP Ce he | A. Cs 
s Society, I have the privilege and honor to present t Medal savit 
e Wm. H. McFadden Gold Medal Needless to say, I teel highly honore: ‘ ater 
| , ‘ ” oft mu) steadtas wie . have been the recipient ot t s \ | 
. , e Socie hile seri 1s It ‘ ot its being awarded te ss t é 
, tf ilt times. and for i , tid l ‘ a AC ( con ‘ I t i a at 
i ) indust i i dou \ pal On each occas Oo ( t« } ‘ ct 
iSiNESS ee given hethe it Chapter mec gs, conterem pl ‘ , 
\ ' bya mod ft r ! Ss at leas is ! s he cs 
this Gold Medal always remain a permanent testimon view, | ive tound it one take cast " . 
acct mplishments ind be a perpetual reminder that vour Having already received my re ird vou « ‘ set | 
ites were not unmindtul of vour continual contributions feel doubly iteful for this honor 
' I reat industry 
PRESENTATION OF SIMPSON MemoriaAt Mepat 
RESPONSE BY Mr. BALLARD Mr. Wood then introduced W. L. Seelbac! BO prcsenren ie 
Peter L. Simpson Memorial Gold Meda Aware Pete ! 
Ballard graciously iccepted the Wm. H. McFadden Gold Rentschie 
ul Sayings Mir. Seelbach stated 
Vith humility deep ippreciation ind many thanks I rccept I can think of no greates pleasure and hon ‘ eis , 
edal to present the Peter I Simpson Gold Medal Award of re 
American Foundrymen’s Society, to a man who s ichly «le 
PRESENTATION OF PENTON GOLbD Mebat sain te 
I Wood then introduced Fred J]. Walls who presented ‘ Many men, when making an award presentatio vit 
. \ Penton Gold Meda to Richard G Meklwes the last sentence otf then presentat » betore iin the mal 
: ‘ir. Walls stated who is to receive the award. In my case I il to Ve ou the 
eC On but tew occasions during a man’s lifetime is he attorded name without turther ado and then talk about im late Peter 
opportunity ind pleasure ot presenting a gold medal to a Farl Rentschler. President of The Hamilton Found © Machine 
time friend and tellow-worker, and I am deeply apprecia Co. of Hamilton, Ohio, is the man to whom I an ‘ lo pre 
e of this privilege sent this award 
lonight we join those who have preceded us in honoring Pete the name that evervbody uses alter the ive once 
se ol the present, and in so doing, dedicate the future prog met him, was born in 1897, and graduated trom Princeton Un 
of the American Foundryvmen’s Society, and the great indus versity in 1920. In the summer of 1920 he started in the tounds 
for which it was tounded, to men of vision, lovaltv and ce and has worked there continuously. He has seen active employ 
on ment in all departments of the foundry, and becan president 
DS John A. Penton, in whose honor this medal is awarded, was of his company in 1927 
of these men; and so is the 1948 recipient, Richard G. M« In addition to his duties of operating a large mode pre 
| et Mac, as he is affectionately known by his many friends duction gray iron toundry, he has carried on many other societ 
oughout the foundry industry, began his career 34 years ago industrial, and public and civic activities Peter Rentschler 
he Muncie Foundry & Machine Co. as Chiet Inspector. He work in the Grav lron Founders’ Society is known to all the 
native of Williamspe rt. Pa... where he was born in 1890. and members of the Society, and to others in the toundry industs 
received his education there and in Galeton, Pa. From Mun Ihe outstanding work he did tor the Societ is on Cost Activi 
e he became casting buver tor General Motors Truck Co. in ties, and the preparation and adoption of Gra lron lvractk 
Pontiac, Mich. and then became associated with American Cat Customs. On Oct. 22, 1946, he was given an vard trom the 
Foundry Co., Detroit, where he worked on Engineering Speci Grav Iron Founders’ Society, Inc. tor his outstanding ork in 
hcations these activities 
After a short time as foundry foreman at Whitehead and His interest in the educational pregram of the City of Ham 
kales Co. of Ecorse, Mich., he joined the Ecorse Foundry Co ilton, Ohio has been continuous since 1939, that is the date he 
d resignea from the position of General Manager there in was first elected a member of the Hamilton Cit board of Edu 
Ve 1956 to accept his present position as Manager of the Foundry cation 
\llovs Division of the Vanadium Corp. of America, Detroit On January 1, 1944, he was elected President « he Hami 
While associated with the Ecorse Foundry, during the period ton City Board of Education, and held this position tor four 
} { 1925-36, he pioneered electric furnace melting of high years 
rength irons, special allovs, and short time anneal malicables His civic duties consisted of active participation and whole 
When Mr. Penton presented the medal endowment to A.F.S hearted cooperation, and in many cases, Chairman ot Budget 
made the suggestion that the medal should be awarded Drives for the Hospitals; Community Chest; Safety Council, and 
For hie most note ) contribution a one [fie Weltare Associations of the City of Hamilton 
ne of electric furnace practice in melting ferrous ane How Peter Earl Rentschler has time for a this ork 
non-ferrous metals something many of us have not been able to understand nut 
lherefore, it is significant that Richard G. McElwee fulfills the like so many men of the type of Pete Rentschler, a leader in one 
esire of John A. Penton in this respect, and, in addition, the held becomes a leader in many others,—there seems to be me 
Board of Awards emphasizes his vision, loyalty, and devotion in limit in the capacity for work of these kind of men 
e citation which reads Peter Rentschler has always had the idea that the foundry 
Outstanding contributions to the dissemination of industry had never been recognized as a very important cog in 
information to the Foundry Industry, especially for his the industrial machinery of the United States, and when Pete 
splendid effort on behalf of the Cupola Research has an idea he carries it out as evidenced by his bulletins to his 
Project employees his open houses; his articles in national magazines 
need not list these contributions, which were in the form of and newspapers, and the accomplishment of being awarded from 
ipers before many related technical societies and talks before the Navy Department, Sept. 23, 1943, the first Army and Navy 
ost of our Chapters and conferences on foundry procedures EK’ to go to the industry 
d engineering properties of cast iron He operates one of the outstanding fine, clean and well 
Mr. McElwee’s interest in the encouragement and develop managed, gray iron foundries. His public relations work, his 
ent of young foundrymen has always been sincere and fruitful promoting of better housekeeping and safety practices in his 
the industry. He has been a loval committeeman, and, at and other foundries, is known by everybody in the industry 


esent, is Chairman of the Grav Iron Division of A.F.S Satety and hygiene in the foundry was one of his accomplish 





ments,—he preached this wherever he went spent many long 
days betore legislative committees tn Columbus, Ohio so as to 
have workable rules and regulations set forth covering hvgiene 
ind safety 

His work along this line is always with the vision of a per 
fect employee employer relationship It is no wonder then that 
the Board of Awards consisting of the last seven living past 
presidents of the American Foundrymen’s Society, chose Petet 
karl Rentschler as the recipient of this year’s Peter L. Simpson 
Gold Medal Award 

I am proud to be able to present this award to you and wish 


ou the best of everything, which vou so richly deserve 


RESPONSE BY Mr. RENTSCHLER 
Mr. Rentschler graciously accepted the Peter L. Simpson Gold 
Medal Award saying 
Thank you Mr. Seelbach. It is an honor to have been se 
lected the recipient of the Peter L. Simpson Memorial Medal for 
1948. TI wish to thank the Board of Awards and the Board of 
Directors of the American Foundryvmen’s Society for this recog 


nition. The work that merited this award is not my work alone 


but it is the cooperative efforts and energies of the loyal group 
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of associates, which resulted in the accomplishments being re 
nized 

I am sorry that these people are not here tonight to see 
award presented to me, but which I want to think of as be 
presented to them through me. Thank you again 


PRESENTATION OF HONORARY LIFE MEMBERSHIP 
Mr. Wood then presented a Certificate of Honorary Life M 
bership to the retiring President, Max Kuniansky who gra 


ly accepted it with an expression of appreciation 


GUEST SPEAKER’S ADDRESS 
Following presentation of Awards, the guest speaker of 
evening, Dr. Karl T. Compton, President, Massachusetts I) 
tute of Technology, Cambridge, Mass. presented his talk ent 
“Team Play of Hand and Brain” in which he reviewed the 
covery of the electron, of radioactivity, and of x-rays. In 
cussing the development and production of artificially ra 
active materials he cited metallurgical and medical uses 
radioactive isotopes. In conclusion, Dr. Compton pointed 
that research and development pay off, and that the pract 
techniques of production and instrumentation must team w 

theoretical techniques for their mutual success 





PRESIDENT’S ANNUAL ADDRESS 


Max Kuniansky 
Vice President and General Manager 


Lynchburg Foundry Co 
Lynchburg, Va 


WE ARE PLEASED that our 52nd Annual Conven 
and Exhibit are being held in the city where the 
rican Foundrymen’'s Society was founded in 1896. 
s exhibit is the largest in the history of AFS. Ou 
ety is deeply grateful to the Foundry Equipment 
inufacturers Association and the Foundry Supply 
nufacturers Association for the splendid co-opera 
job they have done in making this a truly great 

w. We are particularly grateful to our Technical 

ector and the some 500 technical committee mem 

rs of our various committees in the Technical Divi 
ons who have put into being an excellent and well 

veloped technical program. We are very grateful 

the British Foundrymen for their exchange pape 

ge 36) and also for the excellent paper by Mr. 
Morrogh (page 73). We wish to express thanks also 
to the Australian and French foundrymen for then 
exchange papers (pp. 57 and 66). It is our earnest 
hope that the many foreign visitors who have come 
to this show will feel that they are amply rewarded 
for their efforts. 

Your membership stands today at its highest level 
in the history of the Society. As of March 31, 1948, 
lor the first time in its history we passed 10,000 mem- 
bers. The exact figure as of that date was 10,174. We 
re proud that in this total we include 134 student 
members and 450 foreign members. It is gratifying to 
note that 90 per cent of our entire membership is 
ithliated with our 39 regular and five student chap- 
ters. This is truly a tribute to your Vice President, 
Mr. Wallis, and to each membership chairman of 
ich chapter 


Seven New Chapters Formed 


We are pleased to report that since July 1, 1947, we 
ave seven new chapters. These are, chronologically: 
Eastern New York at Albany, Tennessee at Chatta 
nooga, and five student chapters as follows: University 
of Minnesota, Ohio State University, Missouri School 
1 Mines and Metallurgy, Massachusetts Institute of 
lechnology, and Oregon State. It is most gratifying 
to note our growth in student chapters because it is 
tis type of endeavor on the part of AFS with its Edu- 
cational and Technical Development Programs that 
bears great promise for a future influx of highly desir- 

le technical personnel into the foundry industry. 


During this past year your President and Vice 
President, aided at times by your Secretary and your 
Fechnical Director, visited every chapter in the Society 
with the exception of Mexico City and the Oregon 
State College Student Chapter. The growth of the 
Society is such that it is no longer possible tor your 
President to visit all the chapters as he would very 
much like to. However, dividing the chores with the 
Vice President and the two staff officers mentioned has 
made this close contact with our chapters possible 
We have had the privilege at each point to sit in with 
the Board of Directors and discuss the problems of the 
Chapter as related to the National organization, and 
we feel that in this manner we are forging a bond that 
will be highly beneficial to both. 


Society's Finances Sound 


I am pleased to report that your Society's finances 
are in excellent shape at the present time The four 
factors contributing to this condition are 

|. The constantly increasing membership, espe 

cially in company and sustaining memberships 

Publication and sale of more and better techni 

cal books and pamphlets 

The growing recognition of the AMERICAN FouN 

DRYMAN as a magazine for the foundryman 
and, of course 

!. The successful completion of the 1948 Exhibit. 

Ou policy to solicit advertising for the AMERICAN 
FOUNDRYMAN 1s bearing fruit and that endeavor to 
date has convinced us that we were right in entering 
this field. You may be sure that our efforts along this 
line will be pursued relentlessly 

Due to the lack of balance in income between ow 
exhibit year and the non-exhibit year, your Finance 
Committee will put the Society on a two-year budget 
and it will also make possible the preparing of a long 
range program of activities for the Society 

One of the significant developments has been the 
formation of the National Castings Council, of which 
your Society is a member. It appears to us that its 
objective of covering the overall industry in the future 
will be of great benefit to all the supporting members 
as well as to the foundry industry. 

This year again in many of our Chapter areas we 


held successtul management meetings and we feel 








that the closer tying in of inanagement with AFS inter 
ests is much to be desired. We also had a number of 


successtul regional conterences. 


Staff Retirement Plan 


[his year your Board has approved a staff retire 
ment plan for its National Headquarters personnel 
We teel that this retirement plan will assure us of 
having a lower turnover in our National Headqua) 
ters and also of being able to attract a good calibre of 
personnel in the future. 

We have scheduled our Chapter Chairmen Contet 
ence for the last three days in June and this year, fon 
the first time, we are inviting both the Chairmen 
and Vice-Chairmen. These have proven very helptul 
to the National Headquarters Staff as well as to the 
Chapters. This year also your by-laws committee has 
done an excellent job in revising our by-laws to meet 
the changing needs of the activities of your Society. 

lo those of you who have not read in the last issue 
of the AMERICAN FOUNDRYMAN of the untimely passing 
of our director, R. Hudson McCarroll, I wish to make 
note at this time of the very serious loss AFS has had, 
especially because of Mr. McCarroll’s great interest in 
the technical phases of AFS. 


Technical Activities 


I wish to call to your attention briefly the highlights 
ol the technical activities of the Society. These activi- 
ties are headed by your Technical Director, S. C. Mas- 
sari, and the Technical Correlations Committee. We 
have recently employed Philip D. Johnson to head up 
the Educational Activities as a part of our Technical 
Development Program and look forward to a concise 
and well-directed program for our educational activi- 
tics now in process of formulation. We have eight 
Divisions and numerous General Interest Committees. 
Phere are approximately 450 members of these com 
mittees that comprise the best foundry talent available 
and are the source of all the technical information 
published by AFS. Three major activities of the Tech 
nical Committees are: 

] Research projects. 

2. Research and technical papers, and preparation 

of the technical program for the Annual Con 

vention. 

» Preparation of special publications. 

Research projects are now actively under way in 
the following institutions: 

Cornell University 
Columbia University 


Sand Research 
Heat Transte 
Fundamentals of Flow in Aluminum and 
Battelle Memorial Institute 
Heat lreatment of Pearlitic Malleable 

Iron University of Michigan 


Magnesium Molds 


Fracture Tests lor Bronze. . University of Michigan 
Hot lears in Steel Castings 
Armour Research Foundation 
Cupola Research employs a full time research in 
vestigator under the supervision of the Cupola Re- 
scarch Committee. Our publications and activities 
are in the tollowing fields: 


Pechnical articles in the AMERICAN FOUNDRYMAN. 
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lechnical papers lol presentation at the Con 
tion. 

Round Table Discussions. 

Pre prints of all Convention Papers. 

Annual TRANSACTIONS. 

Special publications total about 25, the most re 
being the Curpota HANbBook and the book on 
ANALYsIS OF CastINGs Derects. Five of the exist 
publications are now in process of revision by « 
mittees and when completed new editions will 
published. 

We also have a program of liaison with many ol 
principal technical societies in the country, includ 
such organizations as: 

Phe Society of Automotive Engineers 

American Society for Testing Materials 

American Society of Mechanical Engineers 

American Institute of Mining and Metallurg: 

Engineers. 

\merican Society for Metals. 

\merican Standards Association. 

We also have a program of active co-operation wi 
governmental agencies on matters relating to cas 
metals. 

Phe current educational program ts incorporatil 
some of the following phases of educational work 

Foundry Visitations. 

Foundry Talks. 

\FS Apprentice Contests. 

Chapter Educational Courses. 

Co-operation with Boy Scouts. 

Use of Recruiting Literature and Teachmeg Aids 


Publication of Textbooks 


We have authorized the publication of textbooks 


by the Educational Division at the college level; at th 
trade training school level, and at the high schoo 
level. We have already published course outlines fo 
vocational schools, engineering colleges, training co 
lege graduates in industry, co-operative courses to 


engineering schools and co-operative courses for tec! 


nical high schools. We shall publish within the next 
few months a Foreman Training Course Outline and 


an Outline of Apprentice Training Standards, as wi 
as an Apprentice Training Course Outline 


Annual Apprentice Contest 


Once again we have staged our Annual Apprenti 


Contest which has been very successful. We wish at 
this time to express our thanks to all chapters and 


companies who have co-operated in making this A 
prentice Contest successful. 

I wish to express my thanks to the members of ou 
Board of Directors and our Executive Committee | 
the very magnificent and excellent job they have do: 
in running -the affairs of your Society. 

I wish to extend my thanks to the National Hea 
quarters Staff, and to Mr. Maloney in particular, | 
the job they are doing in gearing their work to 
constantly growing activities of the Society. 

I wish to thank particularly the army of volunt 
workers on our many technical committees who a 
after all, the AFS. 
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Report of the Secretary 


for the 
Fiscal Year 1947-48 


[His kEPORT of the Secretary must, necessarily, be in 
marta report on what the Society has accomplished through 
forts of its membership, rather than any picture of Staff 
plishments. It also reports accomplishments resulting from 
idied actions taken and policies established by the Officers 

Directors of the Society, because if it be a good report, it is 
milv because of the continuation and further development 
cooperative spirit without which A.F.S. as a Technical 


id 
’ TTeSS 
vy couid not progre 


Membership 


ing the fiscal year ended June 30, 1948, membership in the 
y continued to show a substantial increase, in spite of pre 
ns that have been made now for several vears that each 
we might expect a definite decrease in new members. Thus 
vembership on June 50, 1948 totaled 10,403, against 9,683 
ine 30 one vear ago, or a net increase of 720 
the total membership on June 30, 1948, 91.5 per cent were 
ited with the 39 regular and 5 Student Chapters This pet 
ige compares with 90.8 per cent a year ago. At the same 
the number of members without Chapter afhliation in 
sed from 772 to 884, including 449 members residing in coun 
outside North America on June 30, 1948, against 392 in 
\ chart of membership growth shows no material chang 
e continued almost vertical climb of AFS membership since 
first Chapter was established in 1934 
» the Membership Committee Chairmen of the Chapters can 
ittributed, as in past vears, this continued accession of new 
ibers and growth of the Society These men, without com 
sation in any way, are constantly adding to the influence of 
Society wherever castings are made and, of course, to the 
ngth of the Chapters as we | 
The big problem to be undertaken during 1948-49 and there 
must be the retention of a maximum number of the new 
mbers enrolled each year. This problem is pointed up by the 


owing figures for the past 11 vears, 1937-38 to 1948-48 inclusive 


New Memeers vs. Members Lost vs. Net MEMBERSHIP GAIN 


1937-38 to 1947-48, inclusive 





11-Year 


lotal Average 


New Members (including reinstate 

nents 14,103 
Members Lost (all causes 6,152 
Net Membership Gain 7,951 





From the above it is evident that out of every 100 members 
gained during anv one fiscal vear, 43 other members are lost 
us every effort must be made to keep the membership sold 
its value to the individual, and this we feel is directly associ 
with the development of ¢ hapters in areas where (¢ hapters 
» not now exist but could be supported, and the constant 
etterment of those services now being rendered 
To this end, we feel that continued distribution of paper 
uund copies of the bound volume of TRANSACTIONS gratis to all 
embers, on request, is of considerable importance. Of equal 
not greater importance, is constant betterment of AMERICAN 
FOUNDRYMAN 
For the past several years special letters have been prepared 
ver the signature of the President and sent to Personal, Company 
nd Sustaining Members whose dues are renewable on July 1, 
iggesting conversion to a higher membership classification, o1 
creasing the Sustaining Membership support. President Kuni 
isky’s letter of suggestion thus far has developed six conversions 
mm Personal to Company Memberships, six conversions from 
Company to Sustaining Memberships. 


Chapters 


During the past vear two new regular Chapters and five Stu 
dent Chapters were approved by the Board of Directors. These 
include, in order of approval: the Tennessee Chapter at Chatta 
nooga, and the Eastern New York Chapter at Albany; Student 
Chapters: University of Minnesota, Minneapolis; Ohio Stat 
University, Columbus; University of Missouri School of Mines 
and Metallurgy, Rolla, Missouri; Massachusetts Institute of Tecl 
nology, Boston; and Oregon State College at Corvallis, Oregon 
As of June 30, 1948, the five Student Chapters included | 
members total 

Our 40th regular Chapter now apparently is well under way 


at Kansas City, Missouri, with a Steering Committee formed and 


intending to call a general meeting at an early date. In addition 
our sixth Student Chapter has been established, awaiting only 
the approval of the new Board of Directors on a petition already 
received 

\ttention again should be called to the non-existence of Chap 
ters in two important foundry areas; namely, Pittsburgh, Pa. an 
New England. No steps have been taken or interest of any kind 
shown with reference to a Chapter in Pittsburgh, and no turthes 
activities have developed in New England since the Secretary 
met with the Executive Committee of the New England Found 
rymen’s Association in Boston in October, 194 (chapters in these 
two areas alone, it is estimated, would result in a minimum in 

ase of 300 members within one vear 

It is the intention of the Staff during the coming vear to work 
toward establishment of Student Chapters at all universities now 
benefiting under the Foundry Educational Foundation, the list 
including Cornell University, University of Wisconsin, Case Insti 
tute of Technology at Cleveland, University of Cincinnati, and 


Northwestern Lechnological Institute, Evanston, Hl 


Chapter Problems 


During the past two years the President, the Vice-President and 


the Secretarv have visited practically every Chapter, sometimes 
it regular Chapter meetings, and in practically every case, with 
the Chapter Boards of Directors. Out of these visits has come a 
greater understanding between the Chapters and the National 
organization, emphasizing in particular the need for keeping the 
Chapter records of membership entirely up to date and accurat 

\s a result, the National Office has purchased and installed 
equipment and has worked out a method of membership han 
dling which should accomplish practically all Chapter purposes 
in the way of information and records, on a much more efficient 
basis. Necessarily, this new system has had to be installed on a 
basis of “changing horses in the middle of the stream,” and errors 
have occurred: but it is believed that the system, as it is now 
working, is a tremendous improvement over any system operative 
in the National Office since the membership began a very rapid 
climb about five years ago 

At the same time, with some 60 per cent of all memberships 
renewable on July 1, at the beginning of a short-stafled vacation 
period, the Staff is of the definite belief that steps must be taken 
to spread the load over the entire vear, thus making tor more 
eficient handling and necessarily decreasing our costs of opera 
tion. For the past five years it has been necessary to employ 
temporary clerical help during the summer vacation months in 
order to keep up with the game, and this relatively untrained 
personnel, without an absolute system of operation, has resulted 


in most of the errors about which our Chapters have complained 


Chapter Visits 


During the past three years the burden of visits to Chapters 
by our National Ofhcers has become of increasing importance 
especially as the number of Chapters has been constantly grow 
ing. Thus far the National Officers necessarily have timed their 
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visits in accordance with Chapter requests, which frequently have 
been overlapping territorially, placing a great burden on the 
National Officers’ time 

Ihe suggestion has been made that the National Officers con 
fine their Chapter Visits in large part to meetings with Chapter 
Boards of Directors with or without any member of the National 
Office present, scheduling such visits in advance to the best ad 
vantage This should represent a real improvement Neverthe 
less, the problem must still be faced that if official visits to all 
or most of the Chapters must be made each year, a policy may 
have to be established by the Board of Directors as to how such 
visits can best be made that is, by one or more of the National 
Officers, by members of the existing National Staff, or by (as has 
been suggested more than once) a special “Chapter Contacts Man.’ 

We again recommend that this matter be given Board con 
sideration during the coming vear in setting a policy for the 
future, for without such a policy, the task of the AFS Nominat 
ing Committee in selecting chiet officers of AFS who can give the 


time to the job, may become increasingly difficult 


Chapter Chairman Conference 


The 5th Annual Chapter Chairman Conference was staged at 
the Stevens Hotel, Chicago on June 28-29-30, and with invitations 
extended for the first time to both the incoming Chapter Chan 
man and Vice-Chairman, a total of 66 Chapter Ofhcers attended, 
including 58 Chairmen and Vice-Chairmen. Only the Toledo 
and Mexico City Chapters were not represented. Of the total 
number of 78 possible Chairmen and Vice-Chairmen, 74 per cent, 
or 58, were present al the Conference 

From the above figures, it is evident, even considering the 
growing importance of the Conferences, that the full intent of 
the double invitation to incoming Chairmen and Vice-Chairmen, 
cannot be realized. It has become customary for AFS to permit 
other Officers and even Directors to attend the Conferences at 
AFS expense, if only to have a Chaptet represented. We recom 
mend, therefore, that invitations hereafter be limited strictly to 
Officers of the Chapters and not to any other Chapter represen 
tatives. The value to the Chapter and to the Association of the 
attendance of miscellaneous Chapter Directors may be question 
able. 

For the second consecutive year the Chapter Chairman Con 
ference covered two and a half days. However, a number of 
those present left at the end of the second day, not being able 
to spend the full time at the Conference. We recommend, there 
fore, that future Conferences be limited to two full days and 
that an intensive program be provided for each day and evening 

It is unfortunate that the Conferences must be held during the 
latter part of June, at the beginning of the vacation periods. To 
hold the Conferences later would not serve the purposes for 
which these meetings were intended. To hold them earlier would 
make it impossible to issue invitations, for practically all Chapters 
elect their new officers either in May or June. It is believed, 
therefore, that the last week in June should be established as the 
week for the Chapter Chairman Conference 


American Foundryman 


(AMERICAN FOUNDRYMAN has now completed three full years in 
its present form, with regular commercial paid advertising, and 
experience of the past fiscal year indicates that the magazine is 
now established in the Industry on a fairly solid basis. For 
example, gross advertising revenue for these three years was as 
follows 

1945-46 $95,000 
1946-47 85,000 
1947-48 — 96,000 

The first year of operation had the benefit of considerable 
“support” advertising. The second year showed a decrease when 
such “support” was dropped as it was realized that advertising 
was permanently established. The past year has shown an en 
couraging increase over the previous year and indicates that the 
increase can be maintained so long as industrial conditions do 
not affect advertising generally. There still exists considerable 
of the traditional opposition to acceptance of paid advertising by 
AFS as a Technical Society, and the fact that some companies 
who originally were a party to this opposition have since become 
advertisers, does not by any means indicate that any considerable 
degree of opposition, organized or individual, has been won over 
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It is our intention to continually improve the editoria] 
tent of the publication and we believe that its value to the 1 
bership has been very materially increased during the pas 
months under the editorship of H. F. Scobie. The quality 
quantity of technical articles obtained for AMERICAN Fot 
MAN has steadily improved, now enabling us to schedule ¢ 
issues from four to six months in advance, and thus to pri 
authors of papers definite schedules for the publication of 
manuscripts. In this connection, it has been established 
rule of operation that no manuscript will be retained in 
office for more than 60 days without either being defin 
scheduled for publication in a certain issue or else returne 
the author with our thanks for submission 

Of particular editorial interest are the following 1) the « 
lishment of a Question-and-Answer Round Table section « 
tive with the July issue, and (2) the keying of New Products 
New Literature sections in the magazine, which produced 
traceable inquiries during the first four months since this ] 
tice was adopted 

\dvertising rates in AMERICAN FOUNDRYMAN were increase: 
January I, 1948 to $225 basic page rate, from the previous § 
The full effect of this increase will not be felt before the caler 
vear 1949, since advertisers current prior to January 1, 1948 
necessary have been protected at the old rate during the calen 
year 1948. This increase in rates was the first since regular a 
vertising was established in May, 1945 and follows action taker 
by practically every other publication, in view of constantly rising 
production costs. It is expected that further rate increases ma 
be recommended for AMERICAN FOUNDRYMAN as the members! 
i.e., circulation) constantly increases and production costs 
still further 

otal circulation of AMERICAN FOUNDRYMAN on June 30, 1948 
was 10,529, including 126 paid subscriptions and 10,403 membx 
subscriptions, compared with 9,791 on June 30, 1947—a net 
crease of 738. During the coming year efforts shall be direct 
toward materially increasing the number of paid subscriptions 
to AMERICAN FOUNDRYMAN, especially in non-Chapter areas 
the end that our circulation (membership and paid) may includ 

greater percentage of the total number of foundries in the 
industry. This broader coverage is necessary from the standpoin 
of advertising promotion as well as membership promotior 
since the best membership prospect is one acquainted wit 
\MERICAN FOUNDRYMAN and AFS activities 


1948 Convention and Exhibit 


The 52nd Annual Meeting of the Society was staged at Phil: 
delphia May 3-7, 1948 in conjunction with one of the fines 
Foundry Shows held by the organization. An estimated atten 
ance in excess of 13,000 was recorded and benefited from the 
extensive technical program and displays of equipment, mat 
rials and services offered by 273 exhibiting companies. A total 
of 91,000 square feet were occupied by all exhibits, of whic! 
82,000 sq ft were sold at the rate of $2.50 per sq ft, representing 
a gross exhibit rental revenue of $205,420, compared with 1946 
totals of 273 exhibitors, 99,433 sq ft occupied, 92,000 sq ft sold at 
$1.50 per sq ft, Gross Revenue $142,260. 

Of particular interest at this Foundry Show were: The operat 
ing exhibit of the Murrell Dobbins Vocational Training Schoo 
of Philadelphia, and of six Foundry Societies (Foundry Educa 
tional Foundation, Gray Iron Founders Society, Non-Ferrous 
Founders Society, National Founders Association, Foundry Equip 
ment Manufacturers Association, and Meehanite Metals Group 
These same organizations exhibited in 1946, and in addition the 
Magnesium Association, Malleable Founders Society and Ameri 
can Society for Metals. 

Appreciation should be expressed to the Officers, Directors and 
Committees of the Philadelphia Chapter for their complete co 
operation toward the success of the 1948 Convention and Exhib 
tion. In addition, the Society had excellent cooperation from 
both the Auditorium management and the local Convention & 
Visitors Bureau, who handled our housing arrangements. A 
and by no means in lesser degree, appreciation should be « 


¥ 


pressed to the hundreds of authors, session chairmen, vice-ch 
men and discussion leaders, who made successful the entire te 
nical program. 

Discussion has been held on the advisability of staging 
Biennial Exhibits of AFS on odd-numbered instead of ev 
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ered years, and of staging these Exhibits in the fall instead 


spring. It is recommended that further consideration be 
hese possibilities by the Board of Directors during 1948-49 
nning with the 1946 Convention and Exhibit, some 20 
re members of the Staff have been taken to the Convention 
servicing the entire program, necessarily at considerable 
se to the Society Experience shows that ordinarily this 
will not be required at future conventions especially 
Exhibit years, even though a heavier-than-usual staff was 
ry in Detroit because of dual and triple registration and 
facilities being maintained. With the present trained 
is expected that advance planning will make unnecessary 


tendance at future conventions of a maximum number 


By-Laws Amendments 


past year the By-Laws of the Society were generally 

a Committee under the Chairmanship of Past Presi 
sornstein, and following approval by the Board of 

rs, were submitted to the Membership through lette 


ballots being returned May 15, 1948 \ total of 2,225 


were cast by some 22 per cent of the Membership voting 
ch 1,986 full ballots were cast, and of these 1,946 full 
were cast for all Amendments and 40 against all Amend 
\ total of 2,219 ballots were accepted for count, and all 
ments were approved by the membership by overwhelm 
ijorities, the new By-Laws thus became effective July 1, 1948 
uded in the Amendments was a change in the name of the 
ation to American Foundrymen’s Society, and articles of 
poration have since been amended to accomplish this change 
inn 
is recommended that consideration be given further Amend 
s to the Articles of Incorporation by the Board of Directors 
ng 1948-49, since these Articles were prepared in 1916 and 
reading today is considerably out of date with the purposes 


\FS as a Technical Society 


Staff Retirement Plan 


Following original motion by the Board of Directors in July 
1946, negotiations tor the establishment of a Staff Retirement 
Plan proceeded during the past vear and a plan was approved 
by the Board of Directors in January, 1948. Since then the 
American Foundrymen’s Society Retirement Trust has been s¢ 
up with four Trustees appointed by the Executive Committes 
subject to Board approval, to initiate atio the Statl 
Retirement Plan beg ung July I, 1948 " it t excep 
tion of a tew remaiing details, the Society to St tire 
has a Staff Retirement Plan in operation 

The members of the National Office Staff desire to express 
the Board of Directors appreciation for the consideration given 
in thus setting up a retirement plan, with provisions in keeping 


with those of similar plans in effect in industry today 


Staff Organization 


During the past vear 4 emplovees were added to the National 
Othce Staff in Executive Capacities [hese include John D 
Murray, Advertising Manager of AMERICAN FOUNDRYMAN: A. A 
Hilbron, Convention & Exhibit Manager; R. N. Sheets, Assistant 
Editor of AMERICAN FOUNDRYMAN, and Philip D. Johnson, Edu 
cational Assistant of the Technical Department. These emplovees 
should materially strengthen the service rendered by AFS to 


the membership and to the industry 


Technical Department 


Activities of the Technical Department covering Committes 
work, Convention Technical Program, technical publications 
apprentice training and educational activities, are not covered 
by this report, since they are fully dealt with in the report of 
the Technical Director for 1947-48 


Respectfully submitted 


Wa. W. MALoney, Sec? 




















Report of the Technical Director 


for the 
Fiscal Yecr 1947-48 


PROGRESS REPORTS WERE MADE during the year to the 


Executive Committee and the Board of Directors at their several 
meetings that they would be fully informed of important activi 
ties. The most important phases of our technical activities are 


briefly covered in the following report so as to consolidate the 


entire vear’s work 


Technical Activities 


Comprehensive examination of the technical committee struc 
ture was initiated approximately a year ago. This re-organiza 
tion has now been completed. It involved elimination of certain 
committees which have become obsolete and activation of others 
The committee structure now constitutes a well integrated 
organization headed by the Technical Correlations Committec 
as the policy-making group. Based upon observations over the 
past year, there is adequate evidence that the committees are 
functioning: more efficiently and their efforts are considerably 
more specifi 

\ complete National Committee Personnel Roster was pub 
lished and sent to all members of the Society, and in addition 
to the executive officers of each of the companies whose staff 
members are represented on our technical committees. Numer 
Ous complimentary letters were received from these executives 
attesting to the value of the Roster. The Roster likewise includes 
Suggested Rules for Division and Committee Procedure, assisting 
in the more orderly functioning of the committees 

Following the adoption of the clearly defined Publication 
Policy and logical procedure for the review of technical papers 
the Program and Papers Committees of the several Divisions are 
functioning efficiently in developing a well-planned technical 
program of a high standard of quality. The review of technical 
papers is now systematic and thorough and thereby lends prestige 
to A.F.S. conventions and its technical publications 

The Educational Division, during the last year, formed a Text 
Book Committee, and authors have been selected for the prep 
aration of a text book for the high school and college levels 
The College Research Projects Committee has completed its list 
of research projects and these will be published in the nea 
future for distribution to the several educational institutions 
throughout the country interested in foundry work. The Appren 
tice Contest was unusually successful at the last Convention, both 
in terms of contestants and their geographical distribution 
Active liaison is being maintained with the Foundry Educational 
Foundation. At its last Executive Committee meeting, the Edu 
cational Division developed a well planned program for the 


coming vea 


A.F.S.-Sponsored Research 


\t the present time a total of eight individual research projects 
are underway and in several instances progress reports wer 
presented at the Convention covering the findings up to that 
time. Under each of these projects quarterly reports are sub 
mitted for review by the sponsoring committee to familiarize 
them with the research work and place them in the position to 
give helpful advice in the future prosecution of the project 
These projects comprise the following 
Sand Research—Cornell University 
Brass and Bronze—University of Michigan 
Malleable—University of Michigan 
\luminum and Magnesium—Battelle Memorial Institute 
Heat Transter—Columbia University 
Steel—Armour Research Foundation 
Centrifugal Casting of Light Alloys—Canadian Bureau 

of Mines 
Cupola Research—Under the guidance of the Cupola 








Research Committee, utilizing a full time researcl 
worker and at present a cooperative research invol\ 
ing Ford Motor Company, Battelle Memorial Institute 
Canadian Bureau of Mines and the United States Bu 
reau of Mines 
Ihe Sand Research and the Aluminum and Magnesium R 
search Projects are near the close of the first year’s contract 
following recommendation of the Committee and approva 
the Board of Directors funds have been already made avail 
for the continuation of these projects for another year 
It is thus noted through the foresight and appreciation « 
research, the Board of Directors have made possible these sev: 
research projects which are all progressing in a very satisfac 


manner 


Convention Program 


Following adoption of a Publication Policy and estab 
ment of a well-planned and orderly procedure for the revi« 
of technical papers by the several Program and Papers Comn 
tees the Convention Technical Program for 1948 developed 
a very satisfactory manner. Over 90 per cent of the techn 
papers presented at the Convention were preprinted and mad 
available to all members on request more than 30 days in advance 
of the Convention, affording ample opportunity for the review 
ot the pape and the presentation ot constructive written 
oral discussion. At the present writing several papers have alrea 
been submitted for consideration by the Program and Pap 
Committee for the 1949 Convention 

Plans are now being made for a jointly-sponsored Sympos 
on Centrifugal Casting with the American Society for ‘Test 
Materials. This Symposia will be scheduled during the 1949 ¢ 


vention of our Society 


Technical Publications 


The 1946 Annual TRANsAcTIONs, vol. 54, comprising a tota 
approximately 950 pages was available for distribution to 
membership during November, 1947. Volume 55, the 1947 A 
nual TRANSACTIONS, representing approximately 700 pages w 
available for distribution to the membership during Apri 
this year. Paper-bound copies of the latter TRANSACTIONS Wwe 
made available to the membership gratis on request and a to 
of approximately 2,100 of the paper bound copies were sent 
members requesting same. Thus, for the first time, the pub 
cation of the Annual TRANSACTIONS is current for the yea) 
which the papers were presented. It is contemplated that 
56, covering the 1948 Annual Convention will be made availa 
to members during the month of December, 1948 

\t the beginning of the year, ANALYsts OF CASTING DeFecTs 
published and offered for sale. Ten thousand copies were print 
of which approximately 2,100 have already been sold, giving 
ample evidence of the excellent reception which this book 
received. In addition, the RECOMMENDED PRACTICES FOR SA 
CASTING ALUMINUM AND MAGNESIUM ALLOYS was published ; 
made available at the Annual Convention in Philadelphia 

Several books are in process of revision and manuscripts wi! 
received from the committees doing this work in the near fut 
The revised manuscript of the Core Practice Book has just b 
received and after editing will be submitted to the printer 
quotation. It is anticipated that the final manuscript for 1 
MicrRoscore IN ELEMENTARY METALLURGY will be ready for pu 
cation this Fall. The Committee on Recommended Practices 
Malleable Castings has likewise completed its manuscript and 
now in our hands ready to prepare for the printer. The book 
PRECISION INVESTMENT CASTING is being energetically pursued 
the Committee and will be available for publication some | 
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NCIAL STATEMENTS XIX 


e coming veal Ihe book, THe DeveELorpMENT OF THI and several foreign foundry societies with which we have mai 
s CASTING INDUSTRY is in process ot printing at the present tained intimate contact 
d will be offered for sale in the near future. Under these 
stances It becomes apparent that the publication load Technical Inquiries 


} . 1 } j P 
eavy aduring the coming vear, and that numerous revised . ‘- 
; , : During the period June 30t! S47 to June SO 194s 
blicat i labl ! mil 
publications Wi we aAVallaDie to the membership, satis ' ’ ) 
I “"y Technical Staff has replied to 521 individual technical inquiries 


ne of the primary purposes of the Society 


eceived from members or others interested in matters relating 
. . — to the castings industry 
Cooperation With Other Societies 
The Fechnical Staff is highiv appreciative i the continue 
e cooperation 1s Maintained with numerous technical support and understanding cooperation received from the Fxe« 
es who have common interests and make such liaison of tive Committee and the Board of Directors of e Society Th 
interest This liaison is maintained by the Technical counsel and encouragement have been extremels elpfu 
with the American Society of Mechanical Engineers ichievine progress and added interest it ‘ echt il affa 
nerican Society of Metals, the American Society for ‘Test of A.F.S 
faterials, the American Institute of Mining and Metallurgi > , 
5 S Respecttu Y subi cm 
gineers, Society of Automotive Engineers, A\rmy Ordnan« 
on, the American Industrial Radium and X-Ray Society S. C. Massas ] D 





Comparative Condensed Balance Sheet 
As of June 30, 1946, 1947 and 1948 





Jur 30 1946} June 30, 1947 June 30, 1948 LIABILITI June 30, 1946 June 30, 1947 June 30, 1948 

$131,341.19 §$ 58,216.09 $106,394.93 Accounts Payable S$ 18,197.03 §$ 26,618.98 § 21,397.81 

ties 181.949. 60 181,949.60 178.805.60 Reserves 51.069.06 5? 134.53 33.263.93 

s Receivable 9 379.56 9. 457.28 10,003.03 Accrued Items 2.013.17 733.05 1.128.323 
tories 33.182.95 23.898 .63 33,167.40 Deferred Inc ‘ 12.991 53 14 264 13 61.439.16 

d Expenses 1,780.21 13,815.04 19,721.40 Unexpended Special 

re & Fixtures 3,765.59 6,354.21 10,744.57 Funds 164,699.80 174,346.16 164.028.5 
Surplus 112,458.51 15,594.00 537,579.23 

OTAI $361.399.10 $293.690.85 $358,836.93 rOTAI $361,399.10 $2793 6900.85 S358 836 03 





Condensed Statement of Income & Expense 
(All Expenses Distributed to Major Activities) 
Fiscal Year July 1, 1947-June 30, 1948 


INCOME 
Membership Dues $167,140.48 
Publications 35. 855.27 
AMERICAN FOUNDRYMAN 96.327.00 
Convention & Exhibit 1948 216,327.00 
Other Income 501.55 
Total a ae ; $516,668 80 


EXPENSE 


Total Expense 


Major ACTIVITIES mount Per Cent 
General Administratior $113,366.18 23.9 
Chapter Activities 64.035.29 13.5 
Technical Activities & Publications 127,121.91 26.8 
\MERICAN FOUNDRYMAN 96,290.10 20.3 
Convention & Exhibit 73.521,99 15.5 


§474.335.47 1000 








Comparative Membership Report 
As of June 30, 1944-1948 Inclusive 
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Total Student ¢ hapte rs 
Potal All Chapters 






I oreign 
Non-(¢ hapte 13 102 149 109 4? 





GRAND TOTAI 199 1,553 2,898 5.077 303 
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June 30, 1944 June 30, 1945 June 30, 1946 June 30, 1947 June 30, 1 

Sustaining Members 169 239 183 193 199 

Company Members 1,471 1,571 1,462 1,548 1,525 
Personal Members $4,720 5,722 6,426 7.358 7,860 

Student and Apprentice Members 4)? 23 20 9 10 

Honorary Life Members 55 55 58 64 63 
Foreign Members 163 205 390 $30 449 

Total 6.620 7.815 8 539 90 683 10.403 

New Members, 12 months 1,510 1,803 1,743 2.164 1,979 
Resignations 215 235 370 186 286 
Delinquents dropped 316 356 631 829 948 

Removed by deatl 24 | 18 5 25 

Net gain for vear 955 5 724 1,145 0) 
Members Chapters 5,902 7... 1.407 & 809 9 519 

b&).10n 
), 1948 
Student — Honorary 
and and Life 
Chapte Sustaining Company Personal \fhiliate \ssociate Apprentice Membership Tota 
Birminghan } 37 69 182 6 2 1 301 
British Columbia 0 16 17 $4 5 2 0 &4 
} Canton District 0 32 34 97 } 0 0 167 
Central Illinois | 10 1 SO 3 8 1 124 
Central Indiana 3 38 31 173 j 6 0) 275 
Central Michigat 0 11 0 69 0 0 0 110 
Central New Yorl 1 34 32 S4 3 5 0 159 
Central Ohio 1 31 32 121 2 0 : 188 
Chesapeake 3 28 51 85 21 0 } 19? 
Chicago 22 118 149 19] 16 2? 9 Q? 
Cincinnati District 9 19 81 128 6 8 1 282 
Detroit 15 59 132 313 19 14 < <57 
I. Canada and Newfoundland 7 50 78 180 17 } 1 337 
Eastern New York 0) 12 12 $7 3 3 0 77 
Metropolitan 10 71 118 184 14 4 2 $03 
Mexico City 0 11 33 14 2 0) 0 60 
Michiana 3 10 44 120 4 3 0 214 
Northeastern Ohio 18 &5 131 78 14 11 9 346 
Northern California & 28 97 100 13 3 0 249 
No. Illinois and So. Wisconsin } 20 12 53 2 0 1 9? 
Northwestern Pennsylvania 2 hd 29 83 1 5 0 145 
Ontario 2 81 113 111 2 1 1 311 
Oregor 2 10 30 6] } 2 0 115 
Philadelphia 18 67 110 195 12 0 3 105 
Quad City 4 30 56 137 5 2 2 242 
Rochester 2 13 +4 60 } 0) 0 123 
Saginaw Valley 7 19 18 215 3 19 2 283 
St. Louis District 3 $7 99 138 8 1 0 296 
Southern California 3 57 128 119 13 2 1 323 
rennessee 0 12 22 71 1 0 0 106 
Texas 6 31 39 58 2 0) 0 136 
rimberling 0 6 50 p 6 0) 0 85 
loledo 0 20 34 16 2 2 | 105 
lri-State 0 11 50 46 3 5 1 116 
win City 5 $2 52 123 7 2 0 231 
Washington 0 14 30 24 6 2 0 76 
Western Michigar 5 25 8 159 0 0) 2 219 
Western New York 1 38 82 82 3 1 1 208 
Wisconsin 17 x9 121 351 7 10 2 597 
Total 186 1,423 2,359 $951 247 149 51 9.366 
STUDENT CHAPTERS 

University of Minnesota 20 20 
Ohio State University ] 31 32 
Missouri School of Mines 2 26 28 
Massachusetts Institute of Technology 42 42 
Oregon State College 31 3] 
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President Max Kuniansky, presiding 
Directors: E. H. Horlebein R. H. McCarroll! 
H. H Judson John Robb Ji 


]. H. Smith \. C. Ziebell 
F. M. Wittlinger H. A. Deane 

S. V. Wood B. L. Simpson 
FE. H. Delahunt S. C. Wasson 


W. J. MacNeill 


Minutes 
Special Meeting 1947-48 Board of Directors 


Palmer House, Chicago—july 29, 1947 





Chairman, Presider Mlax hk 
Vice President W BW s 
Director & Past President 8S. V. Woo 
Director J. H. Sm 
Director S. C. Wassor 
John M. Robb, ] 


Director 
On motion by Director Horlebéin, secondes 


Carroll, the Executive Committee was approved as presented 





Secretary- Lreasurer Wm. W. Malone, President Kuniansky then declared that no further busine 
lechnical Director S. (¢ Massari would be taken up at this special meeting and the meeting w 
sident Kuniansky called the new Board of Directors to declared adjourned 
nad stated the sole purpose ot this special meeting was to Respecttully submitted 
ce, prior to the regular meeting of the 1947-48 Board on We. W. MALoney 
the formation of his Executive Committee. He requested Se Y 
—_—. ipproval for the tollowing members of his Executive \PPROVED 
et Max KUNIANSKY, Pres 
1 
| Minutes 
First Meeting 1947-48 Board of Directors 
} 
) . 
? Palmer House, Chicago—july 30, 1947 
) 
sent President Max kuniansky, presiding Standing and Special ¢ ! ee 
Directors: E. W. Horlebein B. L. Simpson President Kuniansky entertained a motion authorizing pres 
H b. — FE. H. Delahunt dential appointment of Standing and Special Committees of the 
S } ; 
mit W. J. MacNeill Board. A required motion was made by Director Judson, seconded 
FF. M. Wittlinger R. H. McCarroll 
by Director Wittlinger, and carried 
} * Wood John M. Robb Ji 
H. A. Deane A. ¢ Ziebell sprain Kuniansky then announced appointments to Stand 
ne ) Ss 40 ‘ s ie) ’ s 
Secretary Wm. W. Maloney ing and Special Committee {f the Board as follow 


lechnical Director S. C. Massari 
resent as members of the Advisory Board: Past Presidents 
F. J. Walls, L. C. Wilson 
Absent Vice-President Wallis, Directors Kolb, Lamker and 
Wasson; also R. Gregg, newly appointed 





klection of Executive Committee 

Lhe Executive Committee of the Board of Directors was duly 
ected at the Special Meeting of the 1947-48 Board of Directors 
July 29, 1947 and consists of the following Board members 
Chairman, President Max Kuniansky, Vice President W. B. Wallis 
d Directors S. \ Wood ] H. Smith, S. ¢ Wasson and John 
M. Robb, fi 

Staff { ppointments 

President Kuniansky called the meeting to order and imme 
itely appointed Directors Simpson, Smith and Wood as a 
Board Nominating Committee to recommend candidates for 

tion as Secretary and Treasurer, as called for by the By-Laws, 
Art. NVI, Sec. | The committee retired and, in executive session 
Secretary- Treasurer Wm. W. Ma.oney was declared re-elected 

the year 1947-48 
Continuing in executive session, the Board approved salary 
ithorizations for the fiscal vear 1947-48 as recommended by the 
nance Committee, S. V. Wood, Chairman 


1947-48 Budget 
[he Finance Committee, $8. V. Wood, Chairman, presented for 
nsideration a Budget of Estimated Income and Expense for the 
il year July 1, 1947 to June 30, 1948. The Secretary-Treasuret 
s asked to comment on items of the budget as presented and 
owing brief discussion, a motion was made by Director Horle 





n, seconded by Director Judson and carried, approving the 





#8 budget as recommended 








Finance Committee—Past President S. V. Wood, C/hatrman 
President Kuniansky, Vice President Wallis 

National Membership Committee—Vice President Wallis 
Chairma? \ll Chapter Membership Committee Chairmen as 
members 

Chapter Contacts Committee—Director Simpson, Chairmar 
All other directors as members 

By-Laws Committee—H. Bornstein, C/iairman, Vice-President 
Wallis, N. J. Dunbeck, L. C. Wilson, F. W. Shipley, D. C. Zuege 
J. A Wetherspoon Secretary Maloney, ex off 

Annual Lecture Committee—H. Bornstein, Chairman, H. M 
St. John, G. Vennerholm, C. I Joseph R. EF. Ward 

lechnical Correlations Committee—Past President Wood 

Chairman, President Kuniansky, Vice-Chairman 

International Relations Committee—Secretary Maloney, Chai 
man, V. Delport, England, European representative, Miguel Si 
ge!, Brazil, South American representative, Wm. A. Gibson, Aus 
tralian representative 

Representation on National Castings Council—President Kuni 
ansky, Vice-President Wallis 

* Technical Correlations Committee—Uhe Secretary pointed 
out that, by Board action in 1946, the immediate Past-President 
had been designated Chairman of the Technical Corrélations Com 
mittee, with the incumbent Vice-President as Vice-Chairman; but 
that this provides no year-to-year continuity from the Board 


Accordingly Director Horlebein moved 


THAT Board representation on the Technical Correlations 
Committee henceforth consist of the immediate past-Presi 
dent of AFA as Chairman, with the incumbent President of 
AFA as Vice-Chairman superseding previous Board action 


Motion was seconded by Director Simpson and carried 








1949 Convention Cit 


The Board considered recommendations of the 1946-47 Board 


on the question of staging a Convention and Exhibit on the West 


Coast in 1949. On motion by Director Judson, seconded 


by Direc 
tor Horlebein and carried, the recommendations of the Old 


Board were approved, reaffirming as a Board policy the staging 


of Exhibits not more trequently than every two vei 
At this point, as called for by previous tjoard action the Sec 


! for consideration the following resolution 


retary presentee 
WHEREAS the American Foundrymen’s Association in re 
cent years has invited Manufacturers and Suppliers of Found 
ry Equipment and Materials to exhibit their products and 
services at Annual Conventions of the Association at two 
years intervals, and 
WHEREAS the staging of AFA Exhibits biennially, main 
tained as a continuous practice since 1958, has come to b 
recognized as a real or implied policy of the Association, and 


WHEREAS the Board of Directors of the American Found 


rymen's Association believes it to be to the best interests of 


the Association, the Exhibitors, and the Foundry Industry 
as a whole to continue this exhibit practice, now theretore 
be it 

RESOLVED, that this Board of Directors of the American 
Foundrymen’s Association approves and establishes as a stated 
policy the staging of foundry exhibits at intervals not more 
frequent than every two years, and recommends that this 


policy be reathrmed 


by successive Boards of Directors of the 
\ssociation 
VPPROVED 
Max KUNIANSKY, Presider 
For the Board of Directors 


American Foundrymen’s Association 


On motion by Director Judson, seconded by Director Horlebein 
the above resolution was approved unanimously by the Board of 
Directors 

Ihe Board then considered recommendations of the 1946-47 
Board pertaining to an invitation from the Southern California 
Chapter tor staging of a Convention and Exhibit in Los Angeles 
in 1949, the old Board having recommended that, in view of the 
approved resolution restaging Exhibits of AFA not more 
frequently than every two years, this invitation could not be ac 
cepted for 1949 

On motion by Director Judson, seconded by Director Horlebein 
the recommendation of the 1946-47 Board, authorizing the Sec¢ 
retary to notify the Southern California Chapter of the Board's 


decision, was accepted 
Convention Registration Fees 


The Board considered and approved, on motion by Director 
Judson, seconded by Director Horlebein and carried, recom 
mendation of the 1946-47 Board that the question of registration 
fees at AFA Conventions in non-exhibit vears be deferred until 
the formulation of definite plans concerning the next non-exhibit 
Convention 

The Secretary requested Board action on the question of the 
registration fees at the 1948 Convention and Exhibit in Phila 
delphia, pointing out that in 1944 and 1946 the registration fees 


charged were: Members, gratis; non-members, $1.00 each. A mo 


tion was made by Director Horlebein, 





THAT registration fees for the 1948 Convention and Ex 
hibit in Philadelphia be continued as in effect at the 1946 
Convention and Exhibit. Seconded by Director Judson, and 
carried 

Centrifugal Castings Research 

The Board considered recommendations of the 1946-47 Board 
approving an expenditure of $1,000.00 during 1947-48 for studies 
on the Centrifugal Casting of Light Alloys, as a project of the 
Centrifugal Castings Committee of the Aluminum and Magne 
sium Division. On motion by Director Judson, seconded by 
Director Horlebein and carried, the old Board’s recommendation 
was accepted 

Brass and Bronze Research 

the Board considered recommendations of the 1946-47 Board 
for a maximum expenditure of $5,000.00 during 1947-48 for a 
study of the tracture test as an indication of the quality of tin 
bronze, as an AFA-sponsored research project for the Brass and 








TP RANSACTI\ 


Bronze Division. On motion by Director Judson, seconde 


} 


Director Horlebein and carried, the old Board's recomme 


t10n was accepted 
Malleable lron Resea 


Ihe Board considered recommendations of the 1946-47 B 
lor a maximum expenditure of $5,000.00 during 1947-48 
study on the most suitable microstructure for pearlitic mall 
Iron castings preparatory to selective hardening, as an \ 
sponsored research project of the Malleable lron Division ) 
motion by Director Judson, seconded by Director Horlebein 


carried, the old Board’s recommendation was accepted 
Preparation of Text Books 


Ihe Board considered recommendations of the 1946-47 B 
that AFA undertake the preparation of several textbooks 
hounary practice for use at college trade school, vo« ition s« 


ind hig 


h school levels, such projects having been recommet 


by the Lechnical Correlations Committee. On motion by D 


tor Judson, seconded by Director Horlebein and carried, t 


Board’s recommendation was accepted 


International Foundry Committee 


Ihe Board considered recommendations of the 1946-47 Be 
that AFA approve acceptance of a membership application 
the International Committee of Foundry Technical Associat 
from a reorganized Italian Foundry Technical Association. Or; 
motion by Director Judson, seconded by Director Horl 


and carried, the old Board’s recommendation was acceptec 


Extension of Retirement Compensations 


Ihe Board considered recommendations of the 1946-47 Boar 


that AFA enter into a contract with C. E. Hoyt and R. E. Ken 
nedy, retired, for a period ot 7 vears trom July 1, 1947, making 
provision for extensions of retirement compensations for Messrs 
Hoyt and Kennedy as follows: Extension of present retiremen 
compensations for the period of the contract, with provision 
that such compensations might be reduced by future Boards of 
Directors, by not more than 50 per cent, if economic conditions 
warrant, compensations to terminate in the event of death of 
the recipients 

Following discussion, motion was made by Director Simpson 
seconded by Director Deane and carried, accepting the recom 
mendations of the 1946-47 Board of Directors. Director Judson 
dissenting 

On motion by Director Simpson, seconded by Director Deane 
and carried, the Board also approved the recommendation of the 
1946-47 Board that resolutions adopted by the Board of Directors 
on July 19, 1945 pertaining to continuation of retirement com 
pensations for Messrs. Hoyt and Kennedy be made a part of 
Board Minutes 

Director Simpson then moved 

THAT the President reappoint a Committee on Retire 

ment for the express purpose of preparing, for acceptance 

by Messrs. Hovt and Kennedy, the contract called for by 

Board action above 

Motion seconded by Director Deane and carried. President 
Kumansky then appointed a Retirement Committee consisting 
of Director Simpson, Chairman, Vice President Wallis, and D 


tor Wasson 





Staff Retirement Plan 


lo progress Board action on the Staff Retirement Plan, b 
Russell Thomas of Marsh & McLennan, Chicago, insurance actu 
aries, presented revised proposals, as requested by the Executive 
Committee at the July 28 meeting. Discussion brought out the 
fact that such a plan will be entirely voluntary on the part o! 
employees. In response to question, Mr. Thomas stated that 
in his estimation the plan proposed was in line with simila p! 


in industry as to employee versus employer contributions, ret 


ment benefits, eligibility and other provisions. Mr. Thomas « 


pointed out that while the proposed plan made no allowa 
for Association service prior to adoption of the plan, this co 
be worked out so as to include more employees under eligibi 


requirements 

President Kuniansky pointed out that it would be imp 
ticable for the Board to consider thoroughly and approve 
proposals at this Board Meeting, but that further considerat 
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, i ‘ plate fo the scheduled meeting ol 

‘ ; 
tee on Novembet with tull discussion at the mid-year 
Mileeting in January 1948, tor possible adoption ot an ap 


Staff Retirement Plan on July 1, 1948. He theretore urged 
s to caretully study the proposals ot Mars} Re Mx 
submit their comments in writing to the Secretary In 


e Novembe meeting of the Executive Committee 


f if Ba Resolu 


Secre presented fo approval the following resolution 


the banks tor the signing of checks and withdrawal 
\ fu s during 1947-48 


RESOLVED that resolutions required by the Harris [rus 


‘ nes Bank of Chicago, and by the Northern Trust 
R ( eo, authorizing withdrawal of funds, are hereby 
ed and the Secretarv authorized to certify thereto 


FSOLVED that checks tor the withdrawal ot funds ce 
the name otf the Association wit! depository banks 
1) 1 general checking accounts and interest savings 
< nd tor the withdrawal ot all securities ek in 
funds of the Association by the Trust Depart 


e Harris Trust & Savings Bank of Chicag ill re 
e signatures of anv two ot the tollowing ofhcers 


Vice-President Secretary- Lreasure) lechnu 


RESOLVED that the Board of Directors authorize a Treas 
expense account of One Thousand dollars ST O00 00 

int to be reconciled at the end ot each month by 
statement of expenditures, and withdrawal checks to 
ned by any one of the following: President, Vice-Presi 
Secretary- Ll reasure) Lechnical Director 
RESOLVED that the Secretary be authorized to rent a 


: Sa deposit box at the Harris Trust & Savings Bank of 
( cago tor the sale keeping of Association securities, and 


} 


nv two of the following have authority to obtain access 


suct satety box President Vice-President Secretary 

lechnical Directo 

RESOLVED that the Secretary be authorized to reimburse 
ivelling expenses for members in attendance at any regu 
vy called Board of Directors, Executive Committee ol 

echnical Committee meeting, with the following excep 


ms: No expenses shi 


ill be paid to Directors or Committec 
nembers for attendance at meetings held during the week 


of the Annual Convention of the Association, unless specifi 





authorized by the Executive Committee. When meetings 
ire held in conjunction with other committees or associa 
tions the Secretary is authorized to determine what portion 
#f the expense of such attendance shall be paid by the Asso 
ciation 
RESOLVED that the present Blanket Indemnity Bond be 
renewed covering all Staff members for Five Thousand dollars 
$5,000.00), premiums to be paid by the Association 
Discussion brought out the feeling from the Board that, since 
wth the Secretary-Treasurer and the Technical Director are 
iuthorized to sign bank checks, the amount of their bond is at 
present insufficient. Accordingly, Director Smith moved that the 
hove resolution be amended to read as follows 
RESOLVED that Indemnity Bonds be purchased covering 
the Secretary-Treasurer and Technical Director for $50,000.00 
each, and all other employees for $5,000.00 each, premiums to 
be paid by the Association 
\mendment was seconded by Director Horlebein and carried 
B Director Horlebein then moved that the above resolutions be 
) ipproved by the Board with the amendment covering provision 
é for increased bonding of Officers. Motion was seconded by Direc 
or Smith and carried 
f The Secretary then requested approval of the following reso 
ution representing continuation of authorities voted by previous 
5 Boards for the execution of necessary contracts for the Association 
RESOLVED that the Secretary be authorized to execute all 
contracts for the administration of Association affairs, sub 
ject to specific approval by the Executive Committee. In the 
case of AFA-sponsored research projects, approval of the 
project by the Executive Committee includes the authority 
for the Secretary to execute contracts for performance of such 
projects on a bid basis 


On motion by Director Horlebein, seconded by Director Smith 





ad carried, the above resolution was approved 
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idit the AFA books in suff ( t« < VSIS J 
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his purpose, to report bach e new B ( 
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Lhe Secre Vv requestet Ippros ! Mis ( ( } 
( erence b> \nnua evel Aln ! cial 
to be announce ite On motion ol Dire 
Horlebein conded bv Director Robl i ‘ ‘ 

The Sec inv requeste« Board eaction itt ot 
viling the ¢ irman and/or the Vice-( ! ( ipter dele 
gates to tly “48 Chante ( tirman Conterenc i ng t 
the previou Board had vote to om te oT he ¢ i nan a 
AFA expense Following discussion, including the tact that ‘ 
Vice-Chairman usually acts as Program ¢ iivman im e Cl 


ters, Director Robb moved 


THAT invitations to the 1948 Chapter Chairman Contes 
ence be extended to both the Chairman and the Vice-¢ i 
man ot each AFA Cl) ipter, both at \l \ expense 
Motion was seconded by Director Horlebein and carried 

Na ul Cast ( d 
Ihe President pointed out that the next sche ulead meeting 


of the National Castings Council will be held August 4 and that 
because of the impossibility of attendance by either the Pres 
dent or the Vice-President, Director Smith has consented to 
represent AFA. He stated that discussion on a set of proposed 
by-laws was expected at the August 4 meeting, and asked Board 
agreement for Director Smith to act on behalf of the Association 
\pproval granted, without vote 
Foreign Membership Dues and Subscription Rate 

The Secretary called attention to the increasing cost of ser 
icing foreign memberships and subscriptions to AMERICA 
FOUNDRYMAN, both of which now are on the same basis as mem 
berships and subscriptions held within the United States. Wit! 
out vote, the matter of subscription rates was referred to the 
Executive Committee for discussion, with Staff recommendations 


the By 


as a guide; foreign membership dues to be referred t 
Laws Committee of the Board for consideration and recom 
mendations 

Y4S Exhibit Fees 


Ihe Board considered recommendations of the 1946-47 Board 


that Exhibit space rates at the 1948 Foundry Show at Philac Iphia 
be established at $2.50 per square toot, as against $1.50 per square 
foot at the 1946 and 1944 Exhibits. On motion by Director 
Simpson, seconded by Director Judson and carried, the 1948 
space rate of $2.50 per square foot was approved 

Ihe Board also considered the question of continuing the 


$95.00 Fxhibit permit fee charged all exhibitors at AFA Foundry 


Shows for many years past On motion by Director Simpson 


seconded by Director Horlebein and carried, a $25.00 Exhibit 
permit fee was authorized for each Exhibitor Company at t 


1948 Exhibit 


There being no turther business to be considered, the meeting 
was declared adjourned 


Respectfully submitted, 

Wa. W. MALONEY, 

\PPROVED Secreta Treasurer 
Max KUNIANSKY, President 





Minutes 


Special Meeting 1947-48 Executive Committee 
Palmer House, Chicago—july 29, 1947 


Present 


President Max Kuniansky, presiding 
Director & Past President S. V. Wood 
Director J. H. Smith 
Director S. (¢ Wasson 
Director John M. Robb, fi 
Secretary- Lreasurer Wm. W. Maloney 

[he meeting was called to order and it was stated that the 
purpose of this special meeting Was to appoint members of the 
1948 Nominating Committee, in view of the fact that the next 
meeting of the Executive Committee had been scheduled fon 
November 3. However Art. \, Sec. 2 of the Association By-Laws 
States that “on or before November | of each year the Executive 
Committee of the Board of Directors shall appoint a Nominating 
Committec 

ihe Secretary stated that of the 24 Chapters eligible to submit 
candidates for the Nominating Committee in accordance with 
provisions of the By-Laws Art. X, Secs. 1-3 inclusive, only 14 


Chapters had submitted lists Ihe lists thus submitted 
considered carefully by the Executive Committee giving 
consideration to equitable regional representation and to pi 
tional representation for the purpose of division of member 
in the light of representation remaining on the Board aft 
1948 Annual Board Meetings 

It was pointed out that the two past Presidents (S. V. \\ 
and F. J. Walls) automatically become members of the Non 
ing Committee as provided in Art. X, Sec. 2 of the By-Laws 

Note All actions of this Executive Committee meeting 
included in the Minutes of the Executive Committee me 
of Nov $+, 1947) 


Respectfully submitted 
Wa. W. MALONEY 
Secretary-Treasure 
\PPROVED 
MIAX KUNIANSKY, President 





Minutes 
Meeting of Executive Committee 


Palmer House, Chicago—November 3, 1947 


Present President Max Kuniansky, presiding 
Vice-President W. B. Wallis 

James H. Smith 

S. V. Wood 

S.C. Wasson 

John M. Robb, Ji 
Secretary- Treasurer Wm. W. Maloney 
Pechnical Director 8. C. Massari 


Directors 


Reading of Minutes 


Minutes of the tollowing meetings were read 
Special Meeting 1947-48 Board of Directors, July 29 
Special Meeting 1947-48 Executive Committee, July 29 
First Meeting 1947-48 Board of Directors, July 30 
On motion by Director Smith, seconded by Vice-President 


Wallis, the Minutes were approved as read 


Ihe Secretary presented report of membership, showing total 
ot 9741 on September 30 as against 9683 on June 30, 1947, a net 
increase of 58 AMERICAN FOUNDRYMAN circulation was given 
as 9849, including 107 subscriptions The report also showed 
total dues income to September 30 of $143,888.08, including 


$26,633.63 deterred dues income (paid prior to June 30, 1947 


Financial Report 


Ihe Secretary- lreasurer presented report of finances of the 
\ssociation as of September 30, 1947, showing Income and Ex 


pense as follows, with all overhead distributed to major activities 


INCOMI 


Budget Actual 
7/1 /47-6 /30 /48 7/1 /47-9 /30 /47 


Membership Dues $175,000.00 $143.888.08 


Publications 50,500.00 5,665.65 


\dvertising 100,000.00 18,852.00 
1948 Convention & 

Exhibit 148,550.00 
Miscellaneous 2 200.00 82.00 


$168.48 


$476,250.00 





XPENSI 


$113.3872.00 § 20,697.92 


General Administration 
Chapter Activities 63,968.00 11,691.30 


Publications 65,707.00 12,037.71 
Pechnical Activities 60,866.00 11,171.68 
AMFRICAN FOUNDRYMAN 96,580.00 17.5802 
Convention & Exhibit 75,757.00 13,423.34 

$476.250.00 S 86,002.19 


Death of Pete B ackwood 


? 


The Secretary announced with regret the death of Peter Black 
wood, AFA Gold Medalist of 1946, on Wednesday, October 
burial Saturday, November | at Windsor, Ont. Peter Blackwoo 
a native of Scotland, and a graduate of the Royal Techni 
College at Glasgow in Metallurgy, foundry practice, chemist 
and mining, was awarded the John H. Whiting Gold Medal 
his development work in, and his influence on the free int 
change of information pertaining to centrifugal casting.” Long 
connected with the Buick and Pontiac Divisions of General M 
tors, as Superintendent of Foundries, he took over a_ simi 
position with Ford Motor Company at Windsor when tl 
foundry was installed in 1936, where he and his associates <« 
ducted important work on the centrifugal casting process 

Expressing its sorrow at the loss of Mr. Blackwood, the Exe: 
tive Committee instructed the Secretary to communicate 
expressions of sympathy to Mr. Blackwood’'s relatives and 
his company 


President's West Coast Trip 


President Kuniansky reported fully on his visit to the W 
Coast Chapters from October 5-24, inclusive, during which ti 


he visited the new British Columbia Chapter at Vancouver, B 
Washington Chapter at Seattle; Oregon Chapter at Portlai 
Northern California Chapter at San Francisco, and Sout! 
California Chapter at Los Angeles. He was accompanied by 


Secretary at the Northern California and Southern Califor 
Chapters 

The President recommended that the Secretary seriously ¢ 
sider visits to the West Coast in the future by Technical Direc 
Massari, for the purpose of greater cooperation between 
National Organization and the West Coast Groups 
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MEETINGS 





FEMA 
Secretary reported his attendance at the Annual Meeting 
Foundry Equipment Manufacturers Association on Sep 
1S-2U0 ind stated that he had presented there the reso 


he AFA Board of Directors, adopted at the July Board 

expressing the intention of AFA to stage an Exhibit 
e frequently than everv two years. The Secretary re 
} . & } 


2 hat the following return resolution ad been ratifies 


slv by the FEMA membership present at the above 
FSOLVED, that the ction otf AFA, by their Board of 
ors’ resolution of July 30, 1947, submitted bv the 
\ irv of AFA to our Executive Secretary, confirms the 
standing existing among members of the Association 
inv vears, namely, that the exhibits in connection wit! 
g \ National Conventions shall not be held more fre 
y than every two vears: and that this Association is 
eartedly in accord therewith as being in the best 
ests of the foundry industry and the AFA, and that the 


\ be so advised by copy ot this resolution 


Rep or 48 Convention & Exhil 


Secretary and the Lechnical Director presented progress 
n various phases of the 1948 Annual Meeting in Phila 
ind reported that Rules and Regulations for the Found 


Show had been thoroughly discussed and approved 
| 


at a mect 
e 1948 Exhibits Committee held October 10, thus assur 
ist cooperation on the part of Exhibitors. He stated that 


ylans | 


iad been completed for mailing earlier in Novembe 
Exhibit details, space assignments, etc., would be handle« 


\. Hilbron, AFA Convention and Exhibits Manages 


\lembers of the 1948 Committee on Exhibits are as follows 
FA Vice-President W. B. Wallis, Chairmap 
I Equipment Exhibit 
Ss. H. Hammond, Whiting Corp., Harvey, Illinois 
Thomas Kaveny, Jr., Herman Pneumatic Machine Co., Pitts 
irg! Pa 


W. L. Hartley, Link Belt Co., Philadelphia, Pa 
C. V. Nass, Beardsley & Piper Co., Chicago, Ilinois 





a P. J. Potter, Pangborn Corp., Hagerstown, Marvland 
C. A. Barnett, Foundry Equipment Co., Cleveland, Ohic 
I Supplies Exhibitors 
F. R. Fleig, Smith Facing & Supply Co., ¢ leveland, Ohio 
E. H. King, Hill & Grifith Co., Cincinnati, Ohio 
N. J. Dunbeck, Eastern Clay Products, Inc Jackson, Ohio 
J. A. Gitzen, Delta Oil Products Co., Milwaukee, Wisconsin 
L. H. Heyl, Federal Foundry Supply Co., Cleveland, Ohio 
E. T. Kindt, Kindt-Collins Co., Cleveland, Ohio 
I. G. Johnston, Republic Steel Corp., Cleveland, Ohio 
W. W. Maloney, AFA Secretary- Treasurer 
\. A. Hilbron, AFA Convention and Exhibits Manage) 
9 Ihe Secretary pointed out that the Exhibits Committee had 
I luntarily recommended to the AFA Board that a strong lette: 


ve sent to the President of the Foundry Equipment Manutas 
rers Association, and the Foundry Supplies Manutacturers As 
tion, urging the full cooperation of their members in abating 


unwarranted entertainment at the 1948 Convention 


essive am 
Without vote, it was agreed that President Kuniansky would 
notify the two Exhibitor Trade Associations 

Without vote, the Executive Committee approved the con 
nuation of the practice ol offering to the Trade Associations 
the Foundry Industry booth space gratis at the 1948 Conven 
d Exhibit, as an indication of AFA cooperation wit 


ese groups 


New ( 


> . 
apte Possibilities 


[he Secretary reported that meetings of a proposed new Chay 
in the vicinity of Albany, New York had been held Septembe 
s and October 14, attended by Vice-President Wallis, Directors 
Robb and Deane and Technical Director Massari. As a result 
petition for approval of a new Eastern New York Chapter was 
esented, signed by 50 members and prospective members. On 
ecommendation of Messrs. Wallis, Robb and Massari, motion 


vas made by Director Robb, and seconded by Vice-President 





Wallis, recommending to the Board of Directors 





LIHAT the petition for an Eastern New York Chapt s 
n 11 Chapter ot AFA be ipproved 
Motion was unanin ily carried, wit mstruction tha 


Secretary obtain letter ballot approval of the Board of Direct 


Ihe Secretary eporter har. tollowing correspondence w 

e New England Foundrymen’s Ass clation ind a meeting of 
tiie NEFA Executive Committes ittended »\ e Secretary of 
Septem be 10, he has since been informed that the matter has 
een indefinitely postponed. He indicated that ther ipparently 
eXISts, as in the past, definite objection on e¢ part of some New 
England foundrymen to changing from the present status 
Chapter status 

Ihe Secretary reported briefly on a request from foundrymer 
in Provo, Utah tor consideration of a Chapt ind’ on the bas 
ot a minimum members! ip of 25, but stated , hye wal foune 
vmen had been advised that AFA could 1ccept no petition 
signed by less than 50 members and prospective members 

Ret i Nhe 1 Re é é ( 
Ihe Secretary reported that the Special Retirement Comm 


Lee appointed by the Board at the July Board 


mecting, will 


Director Simpson as Chairman, had prepared and executed con 


tracts with Messrs. ¢ FE. Hovt and R. E. Kennedy for retirement 


compensa lions ove! i period ol seven vears is authorized Con 


tracts having been signed by all parties, imcluding the \F \ 
President and Secretary, the Executive Committee instructed the 


Secretary to express to the Retirement Committee its thanks to 


i job well done, and discharge the committee trom further action 
Staff} Re ement Plar 


oo ? 


Ihe Executive Committee considered the Stafl Retiremer 


Plan proposed by Marsh & McLennan, Insurance Actuaries, an 
presented at the July 50 Board Meetings, at which time specif 


action was deterred to the Executive Committee with the reques 
that all Board Members study the proposed plan and present 
comments I hie Executive Committes recommended that the 


plan and the Committees recommendations tor revision thereol 


be brought betore the next meeting ot the tjoard of Directors 
scheduled ton January 22, 1948, and the Secretary was instructes 
to forward the plan and recommended amendments to eacl 


Director for study in advance of the January meeting 


1 in Standards As I Re 


Ihe Secretary read a lengthy letter from the American Stan 


ards Association, dated September 29, 194 dealing with Satety 


Code for Foundries, and requesting action by AFA toward 9 


vision of existing satety codes. [his letter reviewed the history of 


AFA code making in conjunction with ASA, and pointed out tha 


labor has recently indicated its intention of drafting its own 
foundry safety code, an action which thus tar has not been en 


couraged by the U. 8. Department of Labor President Kunian 


skv then called for discussion by the Executive Committee whi 


developed the consensus that AFA is not financially able at ul 


time to embark on a tull-fledged satety and hygiene program in 


volving an estimated expenditure of $25,000.00 or more per year 


Instead the committee expressed the opinion that Safety and 
Hygiene work is a subject which the National Castings Council 
should be in a peculiarly excellent position to undertake an 
finance authoritatively 


Accordingly, on motion by Director Smith, seconded by Dire 


tor Wasson ind carried, the Secretary was instructed to rep 


to the American Standards Association, in effect, that “the Execu 
tive Committee has approved the By-Laws of the National Cast 
ings Council, the most logical body to carry on a strong satet 


and hygiene program as suggested, and that AFA will seek to 


mo 


obtain action by the Council at the earliest possible dat 


Foreign Requests for AFA Service 


Ihe Secretary requested clarification on AFA policy with re 
spect to acceptance of requests from foreign countries for litera 
ture and memberships where the degree of existing cooperation 
is entirely in one direction. Following brief discussion, motion 
was made, seconded and carried, approving continuation of the 
present policy of extending cooperation to foundrymen in foreign 
countries, both with respect to memberships and technical litera 


ture, where similar cooperation can be expected or is offered in 


return 











Chapter Advertising Solicitation 


The question of solicitation of advertising by Chapters was 


discussed, with respect to complaints that such advertising re 


quests may have increased to the point of becoming burdensome 


Following discussion, motion was made, seconded and carried 


that AFA should take no official stand on the question of solicita 


tion of advertising by Chapters, that such advertising should be 


considered by prospects solely on the merits of the advertising 


itself, and that AFA should not attempt to “police” this matte 


Cooperation With Munitions Board 


Kuniansky 
on a meeting held September 28, in Washington, D.( 


President and Technical Director Massari reported 
with the 
Munitions Board, a meeting attended by a number of representa 


AFA 


expre ssed satisfaction with the outcome of the meeting, indicating 


tives of and Foundry Trade Associations. The President 


that considerably more thought is being given in confidential 


circles to foundry industry re presentation on any future organiza 


tional set-up, as in the event of anothe1 mobilization of industry 


948 Nominating Committee 


July 29, and 


soard otf Directors tor approval. the fol 


Ihe Executive Committee appointed recom 


1947-48 


Nominating Committee 


mended to the 


lowing 1948 


Past-President, S. \ 
Past President F. ] 
lL. FE. Roby 

Central Illinois Chapt 
L. D. Wright, t 


Peoria 


Detroit 


Wood, Minneapolis, Chai 
Walls 


Malleable Casting 


er—Malleable 


DT RANSAC Tr} 


man 


Co., Peoria 
Iron 
S. Radiator Corp., Geneva, N. rep 


111 


C% 


New York Chapter—Gray Iron 

Wm. M. Ball, Jr., Edna Brass Div. of Magnus Metal Co 
cinnati, Ohio, rep. Cincinnati Chapter—Brass & Bron 

R. F. Lincoln, Russell F. Lincoln Co., Cleveland, Ohio 
Northeastern Ohio Chapter—Equipment & Supplies 

karl M. Strick, Erie Malleable Iron Co., Erie, Pa rep. N 
western Pennsylvania Chapter—Malleable Iron 

Henry B. Hanley, American Laundry Machinery Co., Roche 
N.Y., rep. Rochester Chapter—Gray Iron 

Robert R. Haley, Advance Aluminum & Brass Co., Los Ang 


rep. Southern Californ 
I here 


Committee, the 


berg no fturther 


\PPROVED 


MAX KUNIANSKY, Presid 


ia Chapter 


business to come 


Aluminum & Magnes 


betore the 


meeting was declared adjourned 


Respectfully submitted 


W 


Secret 


ent 





Minutes 
Meeting of Executive Committee 


LaSalle Hotel, Chicago—January 21, 1948 


Present President Max Kuniansky, presiding 
Vice-President W. B. Wallis 
Director James H. Smith 
Director John M. Robb, i 
Secretary- Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent Director S. C. Wasson 
Director S. V. Wood 


Reading and Approval of Minutes 


Minutes of the Executive Committee Meeting, held in Chicago 


November 3, were read, and on motion by Director Robb 


seconded by Director Smith and carried, were approved 


1] | Office 


Informal discussion developed on renewal of the 


lease on May 1, 1948, and 


that any lease signed should be for 


the consensus of 


years in view of present conditions 


Note 
subject to approval by the 


Board of 


M 


Directors, are 


W. MALONEY 


Treasure 


Rental Lease 


the Minutes of the Board of Directors meeting held Jan 


APPROVED 


Respectfully submitted, 


Wo. 


Secretary 


Max KUuNIANSKY, President 





Minutes 


Adjourned Meeting of Executive Committee 


Present President Max Kuniansky, presiding 
Vice-President W. B. Wallis 
Director John H. Robb, Ji 
Director ]. H. Smith 
Secretary- Treasurer Wm. W. Maloney 
Technical Director 8. C. Massari 

Absent Director S. C. Wasson 
Director S. V. Wood 

The meeting was called to order immediately following ad 


Board of President 


stating the purpose of the meeting being to follow through on 


journment of the Directors Meeting, the 
placement of the Statl Retirement Plan for possible adoption on 


July 1, 1948 


LaSalle Hotel, Chicago—January 22, 1948 


Following discussion, on 


by Vice-President 


Wallis, and 





motion by 


Director 
unanimously 


MALONFY, 


Treasurer 


carried, the 


Exe 


AFA off 
the Committee was 
a maximum period of thre 


\ll actions of this Executive Committee meeting, being 
included 


22, 1948 








Smith, second: 


Exec 


tive Committee voted to have all details of the Staff Retireme 


Plan developed by Marsh 


& McLennan, 


Insurance 


Actuari 


Chicago, and the Secretary was instructed to communicate imn 
the Retirement 


with that firm for 
1948 


diately 
July 1, 
There being no further 


ing was declared adjourne 


APPROVED: 


initiation of 


business to 


be 


Respectfully submitted, 


Won. W. 


Secretary 


Max KUNIANSKY, President 


MALONEY, 


Treasure? 


Plan « 


considered, the me 















































ett ee ee 
















































membership affliated with AFA Chapters; 458 non-Chaptet 


ibers, and 448 Foreign members 
Financia Report 


[he Treasurer presented a Financial Report for the 6 months 
led December 31, 1947, showing Income totalling 49.0°, of 
year’s budget, and Expenses totalling 38.4% of the year’s 
idget. Specific items of the Income and Expense with reference 
the Budget were commented on and detailed statements pre 
sented to the Directors 
On motion by Director Deane, seconded by Director Delahunt, 
| carried, the Financial Report was accepted by the Board 
lt was pointed out that funds available for general purposes 
the Association, including the General Reserve Fund and the 
'DP Fund, totaled $224,280.64. Discussion brought out a con 
sensus that effort should be made to increase the funds available 
for general purposes, and a specific Staff recommendation for 
use of excessive TDP Funds should be prepared. It was also the 
consensus that caution should be used in setting up additional 
specifically earmarked funds within the Association, so as not 
» deplete those funds available for general purposes and current 


operating uses 


New AFA Chapters 


The Secretary reported briefly on approval and installation 
1 the Eastern New York Chapter at Albany, New York and an 
Ohio State University Student Chapter at Columbus, Ohio; also 
Board approval of Student (¢ hapters at University of Minnesota, 
Minneapolis, and University of Missouri School of Mines and 
Metallurgy, at Rolla, Missouri 
The Secretary then presented a petition for formation of a 
irth Student Chapter at Massachusetts Institute of Technology, 
ston, and, in view of the petition meeting the requirements 
the AFA Student Chapter Policy, recommended its approval 
On motion by Director Horlebein, seconded by Director Robb, 
carried, the Board voted unanimously to approve this fourth 


s 


dent (¢ haptet 


\AVII 


Meeting of Board of Directors 
LaSalle Hotel, Chicago—January 22, 1948 


Re ! { 
In accordans with the By-Laws, the recommendations of the 
Board ot Awards were submitted for Board ipproval 
48 Medalists ar Hi i Life M On mo 
tion by Director Robb, seconded by Director Wittlinger, and 
unanimously carried, the Board of Directors approved recom 
mendations of the Board of Awards tor the awarding of three 


Gold Medals and four Honorary Life Niemberships in 1948 


as tollows 


The William H. Mckadden Gold Medal to 1 H.B tara 
for his steadtast and sincere eflorts on behalt of the Asso 
ciation while serving as President during most difhcul 


times, and his continual contributions to the toundry 


industry 


The Peter I Simpson Gold Medal to Peter E. Rentscl 
for his outstanding and inspiring work toward the pro 
motion of better safety and house keeping practices in the 


foundry industry 


The John A. Penton Gold Medal to R. G. McElwee, tor 
his earnest work and outstanding constributions to the 
dissemination of foundry knowledge, and especially his 
efforts on behalf of the (¢ upola Research Project of AFA 
Honorary Lite Memberships to Medalists Ballard, Me 
Elwee and Rentschler; and to Max Kuniansky on com 


pletion of his term as AFA President 


{pprer e Awards joard of Awards recommendation was 
considered that funds for prizes in the 1948 Apprentice Con 
test be drawn from General Funds of the Association. Dis 
cussion developed on availability of the S$. Obermayer Fund 
for such purposes, and motion was made by Director Simp 


son, seconded by Director Kolb, and carried, that 1948 


MEETINGS 
i ° 
: Minutes 
¢ 
President Max Kuniansky presiding 
Vice-President \W B. Wallis 
. R. Gregg H. G. Lamke 
E. W. Horlebein B. L. Simpson 
H. H. Judson bk. H. Delahunt 
J. H. Smith W. J. MacNeill 
F. M. Wittlinger R. H. McCarroll 
, H. A. Deane J. M. Robb, fi 
: J. E. Kolb 
Secretary- Lreasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Director S. C. Wasson 
Director S. V. Wood 
Director A. C. Ziebell 
Reading and Approval of Minu 
ites of the First Meeting of the Board of Directors on July 
and of the Executive Committee on November 3, 1947 
been forwarded to all Directors previously, motion was 
ade, seconded, and = carried approving these Minutes 
[ reading 
ites of the Executive Committee Meeting January 21 
vere read in digest, with the understanding that they would 
warded to the Board of Directors for letter ballot approval 
Membership Report 
Membership Report was presented showing total membership 
December 31, 1947 of 10,172, a net increase of 489 over June 
iB The report showed AMERICAN FOUNDRYMAN circulation 
172 members, plus 108 subscriptions, total of 10,280. It 
pointed out that never before had the Association member 
exceeded 10,000 
2 Breakdown of the membership showed 9266, or 91 per cent of 


Apprentice Contest Funds be drawn from the Association's 
General Funds, unless monevs in the 8S. Obermaver Fund 
might be made available for such purposes tollowing dis 
cussion between the donor and the Chairman of the Board 
of Awards. It was the consensus that no fund in the Asso 
ciation be permitted to lie inactive without investigation 


as to the possibilities for its use 


{wards Manual. Action by the Board of Awards was pre 
sented, and approved by the Board of Directors without vote 
instructing the Staff to prepare “a Manual for the guidance 
of committees, Chapters, members, and other qualified per 
sons in nominating to the Board of Awards potential candi 


dates for award consideration 
icceptance of Auditors’ Report, June 30, 1947 


Recommendation of the Executive Committee that the Audi 
tors’ Report for the fiscal year ended June 30, 1947 be approved by 
the Board, approval having been deferred at the July Board 
meeting pending analysis of Association finances by an Auditing 
Committee, on motion by Director Simpson, seconded by Director 
McCarroll and carried, recommendation accepted 


/ m ploy ment of Stat] Members 


Recommendation of the Executive Committee that the em 
ployment of John D. Murray as Advertising Manager of Amer 
CAN FouNpRYMAN, A. A. Hilbron as Convention and Exhibits 
Manager, and Miss E. E. Chesire as Librarian be approved by the 
Board. On motion by Director Delahunt, seconded by Director 
Judson, recommendation accepted 


{ereement With De spatch Oven Co 


Recommendation of Executive Committee that agreement 
reached between the Staff and Despatch Oven Co., for settlement 
of payment for laboratory oven provided for AFA Sand Research 
at Cornell University, be approved. On motion by Director 
Horlebein, seconded by Director Simpson, and carried, recom 


mendation was accepted. 








XXVIII 


{merican Foundryman” Advertising Rates 


Recommendation of the Executive Committee that advertising 
rates in AMERICAN FOUNDRYMAN be increased, effective as ot 
January |, 1948, be approved. On motion by Director Horlebein 
seconded by Director McCarroll, and carried, recommendation 
accepted. The basic single time, black and white, advertising 
rate in AMERICAN FOUNDRYMAN shall be $225.00 per page, effec 


tive January I, 1948 
Steel Division Research Project 


Recommendation of Executive Committee, that maximum ex 
penditure of $5000 for Steel Division Research Project “A Study 
of the Influence of Mold Conditions on the Development of Hot 
Tears in Steel Castings” during 1947-48 be approved. On motion 
by Director Delahunt, seconded by Director Horlebein, and car 


ried, authorization of funds approved 
Heat Transfer Project 


Recommendation of Executive Committee, tor authorization 
of $2000.00 for Heat Transter Project during 1947-48 be approved 
It was pointed out that through oversight these funds had not 
previously been authorized but would not represent an additional 
item for the current vear’s budget. On motion by Director Horle 
bein, seconded by Director Delahunt, and carried, authorization 


of funds approved 
Chicago Museum of Science and Industry 


Recommendation of Executive Committee, for authorization of 
$2000 for maintenance of foundry exhibit at Chicago Museum 
of Science and Industry during 1947-48, be approved. It was 
pointed out that to this maintenance fund the Chicago Chapter 
has contributed $300 in addition to expense of $3200 by the 
Museum, and that attendance at the exhibit is far greater than 
local. On motion by Director Simpson, seconded by Director 
Judson, and carried, authorization of funds approved. Director 
Simpson brought out the necessity for rewriting the foundry 
exhibit’s script at the earliest opportunity and, without vote, it 
was the consensus that the proper educational committee of 


\FA be asked to develop a new script promptly 


Stafl Retirement Plan 


Recommendation of the Executive Committee was presented 
for approval of the Staff Retirement Plan as originally presented 
at the Board meeting in July, 1947, commented on thereafte 
by all members of the Board, and recommended to the Board 
ot Directors by the Executive Committee on November 3, 1947, 
with certain revisions. It was pointed out that these revisions 
had been forwarded to all members of the Board for considera 
tion prior to the current Board meeting. Therefore, motion was 
made by Director McCarroll and seconded by Director Lamke1 

IHAT the Staff Retirement Plan as recommended by the 

Executive Committee on November 53, 1947, with revisions 

be approved 

Motion was carried by unanimous vote of the Board of Di 


rectors 
Selection of 1949 Convention City 


Recommendation of the Executive Committee that the 53rd 
Annual Meeting of the Association be held at St. Louis as a 
Non-Exhibit Convention, on the dates of May 2-5, 1949, be ap 
proved, On motion by Director Horlebein, seconded by Director 
Simpson, and carried, recommendation was accepted 

Director Deane called attention to the desirability of staging 
a Saturday Open House for local piant men at the next Exhibit 
Convention, so as to provide opportunity for a greate! number to 
inspect the Exhibits. Without vote, the matter was referred to 
the 1950 Committee on Exhibits (to be appointed at the prope 


time) for consideration 


{FA Membership in ASA 


Recommendation of the Executive Committee that AFA Mem 
bership in American Standards Association be renewed for one 
vear with dues of $500, be approved. On motion by Director 
Horlebein, seconded by Director Judson, and carried, authoriza 


tion of expenditure approved 





TRANSACTIO\« 


1952 International Foundr Congress 


Recommendation of Executive Committee that the A} 
host to an International Foundry Congress in 1952 be ap} 
It was pointed out that a schedule of International hk 
Congresses, calling for a meeting in the United States 
had been adopted by the International Committee of Fy j 
Lechnical Associations at a meeting at Paris in Septembe . 
with the AFA European representative Vincent Delport o 


don attending 
On motion by Director Simpson, seconded by Directo: 
hunt, and unanimously carried, recommendation of the |} 


tive Committee was approved 


futhor of AFA College Textbook 

Recommendation of Executive Committee that Prof. P. E. kK 
of Cornell University be retained as the author of the pro 
\FA college textbook be approved. On motion by Di 
Horlebein, seconded by Director Judson, and carried, 1 
mendation accepted 

It was stated that expenditure for this purpose would be . 
following completion of the book, and therefore would | 


cluded in the budget for the 1948-49 fiscal yea 





{FA Representative to 1948 International Foundry Cone 


Recommendation of Executive Committee that L. B. Knig 
Chicago be asked to serve as the official AFA representativ: 
the International Foundry Congress in Czechoslovakia in Octob 
1948 be approved. On motion by Director Robb, seconded 


Director Wittlinger, and carried, recommendation was accept 


{FA By-Laws Revision 


Ihe recommendations of the Executive Committee for 
proval of a general revision of the Association By-Laws w 
presented and discussed article by article, and the following ) 


additional revisions made by the Board 
Art. | (Name and Object) Sec. | Proposed change in nam 


to “American Society of Foundrymen” changed to “Americ 


Foundrymen’s Society”: on motion by Director Judson, sec 
onded by Director Horlebein, and carried 
(rt. If (Membership) Sec. 1 (b) lo definition of Com ‘ 
pany Membership a third sentence added reading as follows 
No Company or Sustaining Membership will qualify in 


viduals for Personal Membership at minimum annual dues 


where such individuals reside outside the territory of 
Chapter in which such membership is held.” Change adopted 
on motion by Director MacNeill, seconded by Director Sim, 
son, and carried 
Art. NVII (Chapters) Sec. 6 lo this section regulating 
the distribution of technical publications “over the name ol 
the Society,” an additional sentence added, reading as follows 
“Presentation of papers at a Chapter Meeting or Regiona 
Conterence, or distribution of same to the Chapters or mem 
bership, shall not be construed as technical publication ov | 
the name of the Societs Chis change adopted on motion | 
Director Simpson, seconded by Director MacNeill, and carried 
Following the above revisions, motion was made by Direct I 
Simpson, and seconded by Director MacNeill ’ 
THAT the proposed general revision of Association By 
Laws recommended by the By-Laws Committee on Deceml« 
19, 1947 and the Executive Committee on January 21, 1948 F 
be accepted as further revised by the Board of Directors, ani é 
promulgated in accordance with the Association By-Laws tor 
letter ballot by the membership, for possible adoption as 
July 1, 1948 | 
In consideration of the work by the By-Laws Committee unde , 
chairmanship of Past-President H. Bornstein, the following res 
lution was adopted unanimously by the Board of Directors 01 
motion by Director Horlebein, seconded by Director MacN | 
and carried: Piss 
RESOLVED that the Board of Directors of the Associat 
extends to the By-Laws Committee, through its Chairm 
H. Bornstein, the congratulations of the Board for its ¢ 
scientious and well-considered action in developing a gen¢ 
and up-to-date revision of the Association’s By-Laws 
By unanimous action of the Board of Directors in mecting 


January 22, 1948 


APPROVED: 
Max KUNIANSKY, President 








MEETINGS 


Nal nai Castings Counc 


reported on his attendance at a meeting ol the 
Castings Council, August 4, at which time proposed 
the Council were presented. He pointed out that 
ecessary for each individual representative body on the 
Oo approve the proposed By Laws copies of which were 
AFA Directors on September 5. Following brief discus 
ron Was mace bv Director Wood, seconded bv Vice 
Wallis, recommending to the Board of Directors 
HAT AFA approve the proposed By-Laws for the Na 
; Castings Council as adopted August 4, 1947 
mn was carried unanimously 
mendation of Executive Committee that the sum of S100 


] 


ypriated as the Association’s part in establishing a petty 


K d for the National Castings Council, be approved. Presi 
niansky, in reporting on meeting of the National Castings 
January 15, 1948 announced the election of F. G. Steins 


Cleveland as Secretary of the Council, and formal organ 


1e Council as a going body. On motion by Director 
¢ n. seconded by Director MacNeill, and carried, authoriza 
the expenditure of $100 tor this purpose was approved 


lent Kuniansky also reported that the National Castings 






Council was tavorably considering the recommendation of AFA 


xz 
representatives that a strong Safety and Hygiene Program lb 
undertaken, and stated that the matter would be further cor 
sidered at a meeting of the Cour during the Philadel 
Convention 
g ¢ j 

Ihe Secretary and Technical Director reported on progress 
ot the technical and general program and the foundry exhibit 
tor the Philadelphia Convention, May 

Ihe Secretary stated that the Chairman of the General Hos 


Chapter Committee, Director Robb had developed a program 
of plant visitations and ladies’ entertainment as well as an 
operating exhibit by the Murrell Dobbins Vocational- Technical 
School of PI iladelphia, and that these events would add mat 
rially to the interest of the Convention 
Ihere being no further business, the meeting was declare 
adjourned 
Respectfully submiuttes 
War. W. MALonse 


VPrPROVED Secreta ] 


NIAX KUNIANSKY, Pres 





Minutes 


| Executive Committee Meeting 





| rit President Max Kuniansky presiding 
Vice-President W. B. Wallis 


| 4 ors Director S. V. Wood 
Director S. ( Wasson 
Director ]. M. Robb, i 


Secretary- Treasurer Wm. W. Maloney 


lechnical Director S. C. Massari 
Director ] H. Smith 
Reading and App al of Minutes 
[he reading of Minutes of the Executive Committee Meeting 
January 21, 1948 was dispensed with since those minutes 
, e approved at the Board Meeting of January 22 
e reading of the Minutes of the Board of Directors Meeting 
January 22, 1948 was dispensed with since those minutes 
reviously been approved by letter ballot 
e Secretary reported that membership as of February 29 
iS stood at 9904 as against 9683 on June 30, 1947. He pointed 
hat from the high of 10,246 on January 31, the removal of 
delinquents during February had reduced the total to 9904 
increase of 221 for the fiscal year to date, but expressed 
nhdence that the total would be above 10,000 by March 31 
B he Secretary reported lotal Dues Income of $165,420.65, ex 
e of $6,591.43 Advance Dues for 1948-49, as of February 29 
. ‘8. This figure compares with the Budget of $175,000.00 for 
current fiscal vear 
I nancia Re port 
[he Secretary-Treasurer presented a Financial Report as of 
February 29, 1948 showing Actual Income of $367,523.59, o1 
- per cent of the Budget $476,250.00; Actual Expense, $265, 
4 t.06, or 55.8 per cent of the Budget 


Balance Sheet as of February 29 showed an increase in the 
fund Principal (Surplus) for the General Fund of $115,656.72, 
ipared with $15,594.00 on June 30, 1947, the difference being 


yuunted for in the main by improvement in cash position duc 


Exhibit revenues 
[he Executive Committee examined major items of Income 
Expense, with the view to estimates for the balance of the 


. } 


year, indications being given that the Association in all 





bability would exceed the Income Budget and remain within 





Expense Budget for the fiscal year. 





LaSalle Hotel, Chicago—March 16, 1948 


Staff Retire nt Play 
In advancement of the previously approved Staff Retirement 


Plan, a letter dated February 13, 1948 trom Marsh & McLennan 


j 


was read, setting up the procedure of 


establishment The tollow 
ing actions resulted 
a) On motion bv Director Wood, seconded by Director Was 


j j 


son and carried, a Retirement Committee of three members 


was set up, consisting of one Board Member and two non 
Board members for purposes of continuity, personnel as 
follows 
B. L. Simpson, Chairmar 
R. L. Lee, Grede Foundries, Inc., Milwaukee 
Fk. W. Shipley, Caterpillar Tractor Co., Peoria, Il 
b) Without motion, it was agreed that rates of interest on 
vested funds be fixed, and details of the Retirement Plan 
documents be established, by the Retirement Committee 
It was pointed out that the final plan would be subject to 


approval by the Treasury Department in Washington 


E-ducationa {clivitie 

Lhe \ssociation’s Educational aAcTIVILIES were cliscussed at 
length, hinging on the Secretary's announcement that H. I 
Scobie, formerly Educational Director of AFA, had been appointed 
Acting Editor of AMERICAN FOUNDRYMAN, President Kuniansky 
reported on conversations held March Il in Cleveland with 
G. K. Dreher, Executive Director of the Foundry Educational 
Foundation, relative to the respective educational fields to be 
covered by AFA and the Foundation Ihe consensus of the 
Committee was that steps should be taken to replace Mr. Scobie 
is head of the Association's educational work, under the ‘Tecl 
nical Director 

It was agreed that a plan of Educational Activities should 
be drawn up by the Secretary and submitted for discussion at 
the Board of Directors’ meeting to be held May 4 in Philadelphia 
It was also agreed that President Kuniansky during Convention 


! Program, in con 


week would further advance the Educationa 
ference with F. G. Sefing, Chairman of the AFA Educational 
Division, in view of the fact that Mr. Sefing had found it im 
possible to accept an invitation to attend the current Executive 
Committee Meeting. The consensus was that the AFA Program 
in the future should be more concentrated on a limited number 
of definite objectives 

There being no further business to come betore the Executive 


Committee, the meeting was declared adjourned 


Respectfully submitted 
\PPROVED Wa. W. MALONFY 
Max KuNIANSKY, President Secretary- Treasure? 
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Minutes 


XXX 
Board of Directors Meeting 
Benjamin Franklin Hotel, Philadelphia—May 4, 1948 

Present President Max Kuniansky, presiding 

Vice-President W. B. Wallis 
Directors R. Gregg J. E. Kolb 

k. W. Horlebein H. G. Lamker 

H. H. Judson B. I Simpson 

J. H. Smith S. C. Wasson 

I. M. Wittlinger E. N. Delahunt l 

~ © Wood \ ] MacNeill 

H. A. Deane J. M. Robb, Jr 

Secretary- [Treasurer Wm. W. Maloney 

lechnical Director S. (¢ Massari 
Absent Director A. C. Ziebell 

Reading and {pp ova of Minutes 


9 


Minutes of the Board of Directors Meeting held January 22 


1948 were dispensed with, it being announced that these minutes 
had been approved by letter ballot of the Directors 
Minutes of the Executive Committee Meeting held March 16, 


1948 were read, and on motion, duly seconded, were approved 


Membership Report 
| ] 


Membership report for the period July 1, 1947 to March 31, 
1948 was presented, showing a total of 10,174 members, a net 
increase of 491 over the total of 9,683 at the beginning of the 
current iiscal year [he report showed a total circulation of 
AMERICAN FOUNDRYMAN (including 108 subscriptions) 10,282 
Receipts of member dues as of March 31 were given as $165, 


107.57, excluding advance dues of $12,735.49 applicable to 1948-49 
Financial Report 


Ihe Financial Report covering the fiscal year to March 31, 1948 
showed Actual Income of $426,185.54, or 89.5 per cent ot the 
year’s budget of $476,250.00; Actual Expense $297,842.11, or 62.5 
per cent of tne budget. Unbudgeted Expense items not included 
total $2,587.09, bringing total Expense incurred for the current 
Fiscal year to $300,429.20 

salance Sheet presented as of March 31 showed Fund Principal 
in the General Funds of $141,350.34, compared with $115,656.00 
on February 29 and $15,594.00 on June 30, 1947 


Report of Technical Director 


Ihe Technical Director presented a report covering Technical 
Activities of the Association during 1947-48, emphasizing the 
initiation of research projects for the various divisions. At present 
eight fundamental Research projects are being sponsored by 
AFA, of which five are projects for the the following divisions: 
Aluminum and Magnesium (2), Brass and Bronze, Malleable, 
and Steel. Other Research Projects include the Cupola Research 
Vrogram, work on Heat Transfer and Sand Research. 

The Technical Director called attention to publication of the 
new book Analysis of Castings Defects, and to the work wo! the 
Committees in arranging the Technical Program for the Phila- 
delphia Convention 


Safety and Hygiene 


President Kuniansky reported on a meeting of the National 
Castings Council, held the morning of May 4, at which a Safety 
and Hygiene Program was discussed at length. He stated that 
the Council expressed itself favorable to undertaking such a 
program, with the intention of reviving such a Committee within 
each membership body, each body to appoint one representative 
on a committee to bring present Safety and Hygiene Codes fon 
the Foundry Industry up-to-date, it being agreed that funds fon 
such a program should be raised by the Council. 

Following discussion, motion was made by Director Smith, 
seconded by Director Deane and unanimously carried, appointing 
Vast-President L. C. Wilson as the AFA representative on the 
Council's Safety and Hygiene Committee, with the understanding 
that Mr. Wilson's expenses incurred in this activity would be 
reimbursed 


Death of Direct R. H. McCa 


President Kuniansky expressed the sorrow ot the Ass« 
in the recent death of Director R. H. McCarroll, of tl | 


Motor Co., and stated that expressions of sympathy ha 





extended to Mrs. McCarroll for the Board of Directoy | 
following resolution was read ind on motion duly approy 
seconded, was ordered spread upon the Minutes of the Assox 
WHEREAS the untimely death of R. H. McCarroll b 
to an end a term of great promise as a member of the B 
of Directors of American Foundrymen’s Association, an 
WHEREAS Hudson McCarroll gained for himself a 
of lasting friendships in the Castings Industry by his 
scientious and earnest efforts toward the developmer 
foundry practice, and 
WHEREAS he earned the permanent respect of enginee 


and technical societies evervwhere by unflagging interes 


their activities, and his steadfast belief in the principa 

cooperative dissemination of technical information, and 
WHEREAS Hudson McCarroll endeared himself to all 

knew him well for his personal attributes, now, theref« 
BE IT RESOLVED that the Board of Directors of 


American Foundrymen’s Association expresses by this res 





lution its deep sorrow in the loss of its distinguished associ 
and friend, and extends to the family of R. H. McCarroll ar 
his business associates, this expression of sincere sympat 
This Resolution unanimously approved by action of the B 
of Directors in meeting May 4, 1948 at Philadelphia. 
MAx KUNIANSKY, Presiden 


Election of Neu Director 


President Kuniansky called attention to Art. VI, Sec. 2, of 
By-Laws which provides that in the event of a vacancy on 
Board of Directors, the Board shall appoint a member of 
\ssociation for the unexpired term. On motion by Direc 
Smith, seconded by Vice-President Wallis, and unanimously ca 
ried, Frank L. Riecks, Manager, Ford Motor Co., Detroit, w 
elected to fill the vacancy left by the death of Director McCar 


1948 Convention and Exhibit 


Ihe Secretary reported on the Convention and Exhibit ¢ 
rently in session and called attention to the splendid displays a 
ranged by 270 exhibiting companies, and to the fine progra . 
of technical sessions arranged by the Technical Director in 
operation with the Committees of the Association. The Presider 
read a telegram received from the President of the Institute « 
British Foundrymen congratulating the Association on its 52n 
\nnual Meeting and Exhibit, and expressed the appreciation ot R 
\FA for this token of friendship and remembrance Boa 
President Kuniansky called attention to the special services Min 
rendered by former Convention and Exhibits Manager, C. I ll 
Hoyt, in connection with the 1948 Exhibit, and suggested u 
the Association express its appreciation for such services. O! 
motion by Director Simpson, seconded by Director Wittlinge! | 
and carried, a consideration was voted unanimously for C. ! 4s 
Hoyt as a token of appreciation for his helpfulness. 


Q 
High School Textbook 

Recommendation of the Executive Committee was presented scriy 

requesting authority for retaining Dewey F. Barich, Head 0! \I 


Industrial Education at Kent State University, Kent, Ohio, as 48 
authority of AFA high school textbook, in accordance with recon pp 
mendation of the Educational Division. On motion by Direct 


Simpson, seconded by Director Judson and carried, the re 
mendation was accepted 


Staff Personnel 


Recommendations of the Finance Committee for employ! 
of Phillip D. Johnson as Educational Assistant for AFA, anc 0! EXp 
Robert N. Sheets as Assistant Editor for AMERICAN FOUNDRY \!A> it w 
were presented. On motion by Director Smith, seconded by Dre 
tor Wood and carried, the appointments were confirmed. 





\IEETINGS 


New Chapte 


id been received tor the formation of a student Chap 


> etme nerve 
y 


e Board of Directors on letter ballot 


vy also announced organization and 


lennessee Chapter at Chattanooga 


Resea P et 


vear 1948-49 for continuation of the Research Project 


im and Magnesium Division now being conducted 


\ itil 
e Memorial Institute, Columbus, Ohio. He stated that 
ivy $5,000 annual appropriation, as a result of the 


experience, was considered somewhat inadequate for 


9 work Following discussion approval of the 
inds was deferred tor consideration by the Finance 
ee in connection with the Budget for the coming year 


Publications Distribut 


Secret requested discussion on the issuance of free 
ms of AFA for various purposes, such as local apprentice 
ocal educational course attendance, and school and 
braries He stated that a number of requests tor free 


and suggested the establishment 
g 


ms ive been received 
licv. On motion by Director Simpson, seconded by 


Kolb and carried, the Board agreed that the distribution 





umnounced installation of Student Chapters al 
Institute of Technology, Missouri School of Mines 
vy. and University of Minnesota. He also stated that 


State College, and that this petition had been 


Board appro, il 


‘ Director requested an appropriation of $6,500 
proy 
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ot tree publications to miscellaneous use be dtrcontinued n 
definitely 
i-FA } ’ , 

\ proposal to institute i more tormalized policy of emplovment 
service tor AFA members was discussed at lengt! including a 
statement of policy prepared by the Secretary. It was the con 
sensus that recommendations of anv individual by e Staff shoul 
be definitely vole as in the past On mo m bv Director 
Horlebein, seconded by Director Judson imi ca ed, the Em 
plovment Service Plan, as presented, was ap ‘ 

By-l s Ame 

Ihe Secretary reported that the proposed amendments to the 
\FA By-Laws approved for letter ballot it the Board Neetin 
on January 22, 1948, went into the mails on Ap | ind that 
ballots received would be counted on May | iS DPD ded to 
in the By-Laws Ihe ballot tellers appointer by the President 
were announced as tollows James Lhomson, Continental Found 


ry & Machine Co., East Chicago, Ind., Chairman: A. S. Klopf 


Western Foundry Co., Chicago: R. W. Schroeder. Foundry In 
structor, University of Illinois, Chicago 
There being no further business to be considered, the meeting 
was declared adjourned 
Respectfully submitted 


Wai. W. MaAtons 
Secreta ] 
APPROVED 
Max KUNIANSKY, Presider 


Jume &, 1948 





Minutes 
Executive Committee Meeting 


President Max Kuniansky, presiding 


Vice-President W. B. Wallis 
Director James H. Smith 
, Director John M. Robb, fh 
Secretary- Treasurer Wm. W. Maloney 


é Director S. ¢ Wasson 
Director S. V. Wood 


Readu g of Vinutes 


Reading of the Minutes of the Mav 4, 1948 meeting of the 
of Directors at Philadelphia was dispensed with, the 
linutes being forwarded to all Members of the Board for lette: 


ipproval 
VMembershif Report 


IS [he Secretary presented a Membership Report as of May 31 


{8 showing total of 10,318 members in good standing as of 
date, representing a net increase of 635 over the total of 
‘3 on June 30, 1947. Total circulation of AMERICAN FOUNDRY 
was given as 10,444, including 10,318 members and 126 sub 

tions as of May $1 
( Membership dues collections during the fiscal year to May 31, 
iS were given as $191,124.73, including $25,098.60 advance dues 
licable to 1948-49, a net of $166,026.13 applicable to the 


ent fiscal vear 
Report on Finances 


he Secretary- Treasurer presented a Financial Report as of 
| 30, 1948 showing Total Income of $478,818.70, or 100.5 pe 
of the Budget $476,250.00 for the fiscal year; also Total 
é Expense of $359,246.28 or 75.4 per cent of the year’s Budget 
\ as pointed out that the Convention Expenses were not in- 


ed in this report as of April 30, but for the most part would 


cluded in the report as of May 31. Balance Sheet submitted 


Hot Springs, Virginia—June 8, 1948 


showed the Fund Principal of the General Fund as $131,689.76 


on April 30, 1948, as against $15,594.00 on June 30, 1947 
Greetings to IBF Annual Meetir 


At the request of the President, the Secretary was instructed 
to send the following message to P. H. Wilson, the President of 
the Institute of British Foundrymen, as greetings from AFA to 
the 45th Annual General Meeting of IBF in London, June 9, 1948 

“Foundrymen of America extend cordial greetings and best 
wishes for a completely successful 45th general meeting of 


the Institute of British Foundrymen 
Siafl Retirement Plan 


Ihe Secretary reported on progress of the Staff Retirement 
Plan as follows 
a) It was pointed out that the Retirement Committee, in 
cluding B. L. Simpson, Chairman; R. L. Lee and F. W 
Shipley, met on May 12, and made certain recommenda 
tions. Following discussion, on motion by Director Robb 
seconded by Vice-President Wallis and carried, it was 
recommended to the Board of Directors 
THAT the Retirement Committee as appointed be 
disbanded, and that the following be appointed Trus 
tees for the AFA Staff Retirement Plan 
B. L. Simpson 
R. L. Lee 
F. W. Shipley 
H. Bornstein 
b) On motion by Director Robb, seconded by Vice-President 
Wallis and carried, the Executive Committee recommended 
to the Board of Directors 
That all Trustees for the Staff Retirement Plan be 
indemnified by surety bonds in appropriate amounts 
the cost of such bonds to be borne as an expense of the 


Retirement Trust 
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( 


dl) 


Vice 
the 


President 
Board of 


On motion by Director Smith, seconded by 
Wallis and 
Directors 


PHAT all 


ciation in 


carried, it was recommended to 


Asso 


and 


Funds be set aside by th« 


Harris 


Savings Bank, Chicago, and that signatures of the 


Retirement 


a special account at the Trust 
Lrus 
tees be properly registered for purpose of withdrawals 
behalf of Plan 


Committee recommendations of 


from such tunds the Retirement 
I he 
the Retirement Committee that possible service credits for 
1948, the the Re 
tirement Plan, be allowed fon Maloney, I. B 
Koeller, C. R. McNeiil and H credits 
being as compiled by Marsh & McLennan as insurance 
sultants. On Direc 


Smith proposed past service credits 


on 
Executive considered 
effective date ol 
Wim. W 


Hanson 


service prior to July | 
SCT VICE 
con 
Robb, seconded by 


motion by Director 


tor and carried, the 
were recommended to the Board of Directors tor acceptance 


and adoption 


Following discussion, it was agreed to accept the recom 
mendation of the Retirement Committee that the Retire 
ment Trust be administered by the ‘Trustees appointed 


financial Trustees to 


the fact 


without 
the 


engaging a 


organization as 
that 


plan, in view of investment of surplus 


funds is not involved since it is intended that Retirement 


Plan 


poli ics 


funds be used for the purchase of retirement annuity 
The Secretary presented the following resolution necessary 
f a Retirement the 


documents 


for establishment ¢ Fund, execution 


of all 
the 


fund 
Retire 


necessary to establishment ot such 


and appointment ot Trustees to carry out the 


ment [rust 
Il IS HEREBY 


hereby 


agreements 
RESOLVED that there shall be, 
Retirement 


and 


there is established a Fund for 
salaried employees of the Society, which shall be desig 
nated and known as the AMERICAN FOUNDRY 
MEN'S SOCIETY STAFF RETIREMENT PLAN 


the plan for which is set forth in a form of Agreement 


attached to and made a part of these minutes as Ex 
hibit I 
It IS FURTHER HEREBY RESOLVED that the 


President and Secretary of the Society be, and they are 


hereby, duly authorized and directed to execute and 


enter into an Agreement in substantially the form of 


said Exhibit |, and that they and other officers of the 


hereby, authorized and 
to the 


Corporation be, and they are 


directed to do any and all other acts necessary 


establishment of said Retirement Fund and the con 
summation of the Plan therefor, including the pay 
ment on behalf of the Society of such sums as it shall 
become necessary for the Society to pay to and deposit 
with the Trustees in accordance with the provision of 
said Plan 

It IS FURTHER HEREBY RESOLVED that B. I 
Simpson, R. L. Lee, F. W. Shipley and H. Bornstein be, 
and they are hereby, designated and appointed as the 
Trustees provided for by said Plan; and said B. | 


Simpson, R. L. Lee, F. W. Shipley and H. Bornstein 
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said 


upon acceptance of lrusteeship, are, and 
successor-trustee upon becoming ippointed and q 
fied as previded in the Plan is, hereby vested wit 
of the powers, privileges, estate, interest and d 


tion and charged with all of the duties and oblig 


with which the Trustees are vested and charged a 


forth in said plan 


On motion by Director Smith, seconded by Directo 


and carried, the resolution was, by unanimous 


recommended to the 


I he 


a complet 


Board of Directors for adopti 
Secretary presented for consideration and ap; 
the Fo 
including all det 
July | 


conjunction 


Trust Agreement fon \merican 
men's Retirement 
Staff Retirement 
such Plan 
Marsh & McLennan 


the AFA 


Society Trust 


the Plan to become effective 


having been prepared in 


as insurance consultants to the 
\ttornev, W. H 


ind Alexander of Chicag: 


ceptance of the Trust \greement and Plan, it was pe 
out, were both incorporated in the above reso 
adopted by the Executive Committee 

Nn The Secretary presented for consideration copy of 


booklet the Staff Retirement P|! 


intended for distribution to all Staff Employees. W 


formative covering 


vote, the Committee accepted the form and mann 


yresentation and instructed the Secretary to proceed 
| I 
its publication to the Staff Employees 

Membership 


Renewal Dates 


renewal dates so that all dues of 


Secretary described a proposal to adjust all membe 
all members in any one C] 
e.g., Nove 


a plan wo 


area might become renewable on the same date 


1. January 1, May 1, etc. He stated that such 


a) avoid the heavy peak load of renewals during the short staff 


for 
the 


summer vacation months, (b) eliminate the need temp« 


employees during summer months, (c) facilitate work 


Chapter Membership Committee Chairmen, and (d) enable 


efhcient handling of memberships throughout the year 


Following discussion, it was the consensus of the Committ 


that the plan as outlined should be tested for acceptance by 


membership at the Chapter Chairman Conference June 28 
Foundry Short Courses 
Ihe Secretary proposed that AFS initiate in 1949 a sum 


short course in foundry practice at one of the national enginec 
ing universities, as a part of the AFS educational program. W 
the the p 


approval could 


out vote, it was consensus of the Committee that 


should be further developed before Board 


obtained, and suggested discussion with the Technical Correl: 
tions Committee at the latter Committee’s Annual Meeting 
June 
Respectfully submitted, 
Wan. W. MALONFy 
Secretaryv-Treasure? 
\PrROVED 
Max KuNIANSKY, Presiden 
July 16, 1948 
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: . MEETINGS XXXII 
° 
Minutes 
° ° 
Annual Meeting 1947-48 Board of Directors 
Palmer House, Chicago—]uly 29, 1948 
President Max Kuniansky, presiding RESOLVED that the Articles of Incorporation of American 
Vice-President W. B. Wallis Foundrymen’s Association be amended to accomplish a 
Robert Gregg B. L.. Simpson change in name to American Foundrymen’s Society eflective 
F. W. Horlebein 8S. C. Wasson July 1, 1948 as called tor by the ballot of the eligible voting 
H.H Judson Fk. H. Delahunt members returned to the Society May | 1448 in approval ot 
J. H. Smit! W. J. MacNeill the proposed change in name 
' FE. M. Wittlinger F. ( Riecks On motion by Director Horlebein, seconded by Direct Rob 
| S V. Wood J. M. Robb, hi e resolution was unanimously approved 
n }. E. Kolb Ihe Secretary indicated that the original Articles of Incorpo 
( Secretary- Lreasurer Wm. W. Maloney ration of American Foundrymen’s Association of [910 required 
, Mechnical Director S. C. Massari viditional changes. Lhe Secretary was instructed to suggest suc! 
<4 further amendments at the next meeting of the Board of Directors 
: H. A. Deane 
H. G. Lamker IFS Re eme) ] 
\. C. Ziebell Ihe Secretary reported developments in establishing the 
) Directors-elect. (as observers \merican Foundrymen’s Society Retirement Trust and presented 
\ r. H. Benners, Ji \. M. Fulton lo approval on ofhcial resolution is recommended by the 
n N. J. Dunbeck V. E. Zang Executive Committee, for initiation of the plan July I, 1948 
d On motion by Director Horlebein, seconded by Director Dela 
Reading and Apt va f Minutes hunt and carried, the resolution was unanimously approved 
In view of the provisions tor the allowance ot Service Credits 
ng of the Minutes of the meeting of the Board of Direc ' 1, "se | Sn ones having comtimmous 
in Philadelphia May 4, 1948 were dispensed with, these ader the Retirement Flan Migs a 
service in AFS ton vears prior to July 1, 1948, Board approval 
wn es having been approved previously by letter ballot , was requested on the recommendation ot the Executive Commit 
Minutes of the Meeting of the Executive Committee held in tee. On motion by Director Simpson, seconded by Director Smit! 
ve ( H Springs, Va., June 8, 1948 were read, and on motion by ind carried, the Retirement Service Credits as presented by Mars! 
1) tor Delahunt, seconded by Director Horlebein were ap % McLennan. Insurance Consultants of AFS. were approved 
Ss ! is re id 
1p ‘Stents of Ciiber ip) a i Researe Projee 
VER fechnical Director Massari presented the following program 
; f Secreta Secretary Wm. W. Maloney presented the of Research Projects for the fiscal year 1948-49 as recommended 
k of the Secretary covering activities ot the Society tor the by the Executive Committee on June 8 
in vear ended June 30, 1948, which report is attached and Aluminum and Magnesium Researci $ 6500.00 
b ‘ {1 part of these Minutes On motion by Vice-President Sand Research 6.000.00 
OR Horlebein, seconded by Director Wittlinger, the Secretary's aes Weuesien Danmeach 2 000.00 
Report was accepted Brass and Bronze Research »,000.00 
f the Treasure) The treasures presented the official Malleable Researcl 000.00 
did \ tor’s Report of the Society's finances for the fiscal year ended Sees Danseech 000.00 
ee | 10, 1948 as prepared by Lybrand, Ross Bros. & Montgomery, 
| “ ( igo, Auditors approved by the President. On motion by \rotal §29 500.00 
7 Director Simpson, seconded by Director Robb, the Auditor's On motion by Director Horlebein. seconded by Director Robb 
ul mepers wae accepted and carried, AFS proposed Research Projects totalling $29,500.00 
orre of Technical Director—Technical Director S.C. Massari as recommended by the Technical Director were approved for 
tine wrted on the Society's technical activities for the fiscal year the fiscal vear 1948-49 





ded June 30, 1948, a copy of this report being made a part of 
se Minutes. On motion by Director Wood, seconded by Direc Vembe Due Rates 


ne 
Riecks, the report was accepted Recommendation of the Executive Committee to increase dues 


I ve | > . > 
Director Riecks discussed briefly extensive research on sand of Personal members for revenue purposes was discussed at 


imation by the Ford Motor Company, and offered the Society length, it being pointed out that the new dues structure, effective 


lata emanating from this work The Board expressed to July | 


1945, had increased the dues of Company and Sustaining 


r) , 
Director Riecks its appreciation for his company’s spirit of co members without increasing the dues of Personal members 


eration with the processes of the Society Figures were presented showing average income and expense 


President Kuniansky thanked the Executive Committee for its per member as follows 


operation during the past fiscal year, and the willingness of 


Committee Members to give considerable time to Committee Average Income vs, Average Expense Per Member 
iberations - - 
1937-38 to 1946-47, inclusive 
President Kuniansky reported on progress of the National 
ings Council, particularly in connection with the proposed \verage \verage (Average Average 
s vy & Hygiene Program, and read a report by AFS representa Income Expense Income Expense 
L. C. Wilson on a meeting of the Safety & Hygiene Commit 1937-38 $39.83 $35.97 1942-43 $20.78 $93.16 
e of the Council on June 30, 1948. It was the consensus that the 1938-39 16.10 26.81 1943-44 $2.09 23.46 
ng of funds by individual members of the Council was not 1939-40 48.11 16.26 1944-45 24.03 24.05 
practicable and that AFS could not enter into a fund rais 1940-41 16.07 23.20 1945-46 18.86 $4.92 
g program for this purpose. President-elect Wallis indicated, 1941-42 10.80 25.74 1946-47 27.86 7.87 
Board approval, that he would approach the National Cast 
gs Council toward the end of obtaining a more definite state \verage 10 years—Income $30.45, Expense 329.44 
of policy on progressing the Safety & Hygiene Program Increased Member Dues 
Se a a a a ee ee Director Simpson pointed out that since expected revenue 
5 ‘ from such an increase would be a definite part of the 1948-49 
it being pointed out that the resolution on amending the Budget, that the matter should be referred to the new Board for 
wciety’s Articles of Incorporation required action by the Board action. It was pointed out, however, that action of the Executive 


ompletion of the record, the following resolution was offered: Committee required continuous action by the retiring Board of 
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Directors. On motion by Director Horlebein, seconded by Direc 


tor Wittlinger, the recommendation to increase dues of Personal 
Members 


Simpson dissenting 


from $8.00 to $10.00 per year was carried, Director 


{merican Found {dvertising Rates 


yrian 


Recommendation of the Executive Committee to increase ad 


vertising rates in AMERICAN FOUNDRYMAN from the present $225 
1949 was presented, it 
I 


being pointed out that the proposed rates were those approved 
Board in 1947 


Director 


basic page rate to $250. effective January 1, 


by the wut deferred on Staff recommendation. On 


motion by Horlebein seconded by Director Simpson 


increase was unanimously ap 


and carried the proposed rate 


proved 


man 


drive can Found Subscription Rates 


Recommendation of the Executive Committee to revise sub 
scription rates ol AMERICAN FOUNDRY MA™ Was presented proposing 


instead of the 


i rate of $3.00 domestic and $6.00 foreign present 


subscription rates being 
Horle 


hein, seconded by Director Simpson and carried, the recommend 


$4.00 Member and $6.00 non-membet 
required by postal regulations. On motion by Director 


ition of the subscription rates was unanimously approved 


Msiration ke es 


Convention Reg 


Recommendation of the Executive Committee to increase Reg 
Non-Exhibit Convention to $5.00 for 
1947 rate 


admitted free, was 


istration kees at the next 
Members and $7.50 tor Non-Members, instead of the 
Non-Members 
It was pointed out that Registration Fees for Exhibit 
taking 


Director 


of $2.00 tor with Members 


dliscussed 
Conventions should be discussed with Exhibitors betore 
action, On motion by Director Simpson, seconded by 
Registration 


1949 to 85.00 


Gregg and carried, the recommendation to increase 
Fees at the St. Louis Non-Exhibit Convention in 


Members and $7.50 Non-Members was approved 


Distribution of Bound Volumes 


Recommendation of the Executive Committee was presented 
to (a) distribute Paper Bound copies of the Bound Volumes of 
IP RANSACTIONS to Members at a price of $1.00 each; (b) continue 
the distribution of cloth bound copies to Company, Sustaining 


Members gratis on request, and (c) to price 


and Honorary Lite 
cloth bound copies to Members at a minimum of 10 per cent 
over cost and to Non-Members at a minimum of 50 per cent 
over cost. On motion by Director Horlebein, seconded by Direc 
tor MacNeill and Executive 


Committee were approved 


carried, recommendations of the 


Use of Technical Development Program Funds 


Considerable Technical 


discussion took place on the use of 
Development Funds for current research and special publication 
It was pointed out that the solicitation of 


had been made with the undet 


operating expenses 


IDP Funds from the industry 
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funds could be used for these 


that these purpe 


Some « 


standing 


that the fund would be continuously maintained 
was expressed that the Society posse ssed too many specia 
and that the TDP Fund should gradually be depreciat 
anv surplus fund of the Society be maintained in one sing! } 
belief that 


Fund. Othe 


the TDP Funds directly concern the Budget tor the ne 


serve Directors expressed the 


vear and therefore should be considered by the new Be 


Directors even though the retiring Executive Committ 


recommended use of TDP Funds for financing Research | 
and special publications 
Director 


Accordingly, on motion by Simpson, secon 


Director Wood and carried, the question of utilizing TDP 
First Meet 


for recommended purposes was tabled until the 


the 1948-49 Board of Directors 


By-Laws Ballot 


he Secretary reported for record on the ballot returt 


the members on May 15, 1948 approving all recommendat 
the Board for revision of the Society's By-Laws, effective ] 
1948 The official report of the ballot tellers was made 
ot these minutes 


New Chapters 
i 


Ihe Secretary reported that a petition had been receive 
formation of a Student Chapter at the University of I] 
Urbana, Illinois, signed by the required number of student 
indicating that all Student Chapter requirements had been 
Therefor, it was recommended that the petition be accept: 
Robb, seconded by Director W 
the petition for formation of a 6th AFS § 


dent Chapter at the University of Illinois was unanimously 


and on motion by Director 


linger and carried 

proved sallot was circulated and Board signatures obtained 
The Secretary reported interest in formation otf a new Kans 

City Chapter, and indicated that an early organizational me 


was being planned 


Recommendations of the President 


f ery 
acl 


President Kuniansky expressed his personal thanks to all 


bers of the Board of Directors for the cooperation given 


during his term of office, and offered several recommendations 


for continuing the progress of the Society, especially as concern 
Chapter assistance and establishment of more definite finan 
policies 


{djournment 


There 
the Annual Board 
1947-48 Board of 


being no furthet 
Meeting was declared adjourned and 
Directors disbanded 


Respectfully submitted, 


Wa. W. MALONEY, 


APPROVED Secretary-Treasurer 


Max KUNIANSKY, President 


business to come before the meeting 

















} EFFECTIVE 
IX ACCORDANCE with action of the Board of Directors on 
1948, letter ballots were prepared and submitted to the 
e membership of the Association for voting on a proposed 
revision of the By-Laws, all ballots to be returned by 
1948 l ellers appointed by the President counted ballots 
and reported as follows 
lellers’ Report 
Full Ballots Split Ballots Potal Ballots 
cle For Against For Against For Against 
I 1946 10 83 143 2029 183 
\\ Il 1946 10 183 15 2129 85 
Ss lil 1946 40 163 62 2109 102 
shy I\ 1946 40 192 33 2138 73 
Let \ 1946 10 197 22 2143 62 
Kans j VI not revised 
Le 0 Vil 1946 iO 213 s 9159 is 
Vill not revised 
IX 1946 40 214 9 2160 19 
Xx 1946 10 917 7 2163 17 
Men XI 1946 10 216 q 2162 19 
n hi XI 1946 10 210 20 2156 60 
lations XIII 1946 40 215 8 2161 18 
cerne XIV 1946 40 216 9 2162 19 
an 4] XV 1946 40 213 14 2159 54 
XVI 1946 10 210 17 2156 57 
XVII 1946 40 205 19 2151 59 
XVII not revised . _ 
XIX 1946 40 215 10 2161 50 
XX 1946 40 218 5 2164 15 
XXI 1946 40 218 i 2164 14 
TOTAL BALLOTS CAST 1986 235 2219 
Illegal Ballots destroyed i 
Grand Total Baliots cast 2223 
\sove Lorats Certiriep Correct May 15, 1948 
Tellers: 
James Thompson, Chairman 
Roy W. Schroeder 
A. S. Klopf 
[he proposed By-Laws thus were completely approved Asso 
ition membership, and are shown below: 
ARTICLE I 
Name and Object 
Section | This Society shall be known as the American 
toundrymen’s Society 
Section 2 The object of this Society shall be to advance the 
ts and sciences relating to the manufacture and utilization of 
tal castings 
ArTicLe II 
Membership 
1 Section | The membership of this Society shall consist of 


sonal Members, Company Members, Sustaining Members, 
norary Members, Honorary Life Members, and Student and 
rentice Members. These members are defined as follows 
i) Personal Member Any individual interested in advanc 
the objects of the Society. 





BY-LAWS 


American Foundrymen’s Society 








Jury 1, 1948 
Organized, Philadelphia, 1896 


Incorporated under the laws of the State 
of Llinois, 1916; amended July 1, 1948 


b) ¢ n par Ve ¢ \ny firm or organization supporting 
the objects of the Society. Company membership privileges sha 


apply only to the plant or othce where such members! ip is held 


c) Sustaining Membe Any individual, firm or organization 
desiring to make substantial contribution to further the objects 
of the Society, Sustaining members shall enjoy all privileges of 


Company members 
No Company or Sustaining membership will qualify individuals 


for Personal membership at minimum annual dues, where sucl 


individuals reside outside the territory of the Chapter in whicl 
such Company or Sustaining membership is held 
d) Honorary Life Member Any individual whose services 
in connection with the objects of the Society, make him pre 
eminent among his fellows. Election to Honorary Life member 
ship shall be by three-fourths vote of the Board of Directors 
acting upon recommendation of the Board of Awards 
e) Student and Apprentice Members 
1) Student Member An undergraduate in a school of 
recognized standing 
2) Apprentice Member. A regularly indentured appren 
tice in the foundry industry 
Student and Apprentice memberships shall expire at termi 
nation of the regular scholarship course or indenture period 
at which time such individuals may apply for Personal mem 
bership 
Section 2 Anv individual, firm or organization interested in 
the objects of this Society may make application for membership 
Application shall be made in writing accompanied by payment 
covering one year’s dues. When application is approved, appli 
cant shall be enrolled in the proper classification 
Section 53 Ihe Board of Directors may make provision for 
special memberships and shall determine the dues and privileges 
of such memberships 
Section 4. Resignations shall be submitted in writing to the 
Secretary 
Section 5 Any member of the Society may be suspended or 
expelled from membership for due cause by a two-thirds vote 
of the Board of Directors, with simultaneous suspension of all 
membership privileges, provided said member is notified in writ 


ing, at least 30 days in advance, of the Board Meeting at whicl 
suspension or expulsion is to be considered 


ArtricLte Ill 
Dues 


Section | Dues for Members shall be as follows 

a) Sustaining Members, minimum annual dues $100 

b) Company Members, annual dues $50 

(c) Personal Members, annual dues $15. Exceptions 1) In 
dividuals employed by Sustaining or Company Members at plant 
or Office where such membership is held, annual dues $8 , 
Individuals engaged solely in educational or domestic govern 
ment work, annual dues $8 

d) Student or Apprentice Members, annual dues $4 

(e) Honorary Life Members shall be exempt from payment 
of dues 

section 2 The schedule of dues shown in Section | may be« 
amended by three-fourths vote of the Board of Directors 

Section 3 All dues shall be paid to the order of American 
Foundrymen’s Society, and shall become due and payable on the 
first day of the month following the date on which the member 
ship is entered on the rolls of the Society \ portion of said 
dues shall apply to cover subscription to American Foundryman 
official magazine of the Society, in accordance with regulations 
of the U. S. Post Office Department 

Section 4. Invoice for renewal of a member's dues shall be 
mailed not less than 30 days prior to the date on which said 














dues become due and payable; if not paid within 30 days atter 
due date, the member shall be declared “delinquent the mailing 
of Society publications to him shall cease and he shall be so 
notified Final Notice” shall be mailed to the member at that 
time. If dues remain unpaid 30 days after date of “Final Notice 


he shall cease to be a member ot the Societys 


\rricir IN 
Vie mbe ? svaap pP li ile ves 


Section | Each Sustaining Member and each Company Mem 
ber shall designate one individual who shall exercise the membet 
ship privileges of such membership and shall be entitled to one 
Vote 

Section 2 \ll Sustaining or Company Member representatives, 
Personal Members and Honorary Life Members shall have the 
right to hold office and to vote on all questions submitted to the 
membership for letter or other ballot 

Section 3. Members of all classes shall be eligible to member 
ship in a Chapter of the Society without payment of additional 
dues 

Section 4. All members shall be entitled to receive the monthly 
publication American Foundryman and such other publications 
as may be designated for distribution by the Board of Directors 


ARTICLE \ 
Board of Directors 


Section | Ihe general control of this Society shall be vested 
in a Board of Directors which shall manage the affairs of the 
Society in conformity with the laws under which the Society is 
incorporated and the provisions of these by-laws 

Section 2 The Board of Directors shall consist of the Presi 
dent, the Vice-President, the immediate Past President and 15 
other members, five of whom shall be elected at the annual meet 
ing each year to serve terms of three years each, their terms to 
begin at the time of the annual meeting of the Board of Directors 

Section 3 Phe Annual Meeting of the Board of Directors shall 
be held within 30 days after the close of the fiscal year, June 30 
\t least one other meeting of the Board of Directors shall be held 
during the fiscal year. All meetings of the Board of Directors 
shall be held at a time and place designated by the President 
Nine members shall constitute a quorum 

Section 4. Special meetings of the Board of Directors may be 
called at any time by the President, and shall be called by him 
on written request of any five members of said Board. Written 
notice shall be forwarded to each Director not less than five days 
prior to any meeting 

Section 5 Ihe Board of Directors shall make provision for 
the salaries of officers and compensation of all persons whose 
services to the Society justify such action 

Section 6 the Board of Directors may establish separate 
funds for specific purposes of the Society and designate the man 
ner in which and purposes for which said funds shall be admin 
istered and employed. In order to vest and maintain such funds, 
the Board of Directors may allocate thereto current revenues of 


the Society, or may solicit additional revenues for such specifi 


allocation 


ARTICLE VI 





Officers and Directors 


Section | The ofhicers of the Society shall consist of a Presi 
dent, a Vice-President, a Secretary and a Treasurer. The Presi- 
dent and Vice-President shall be elected from and by the members 
at the annual business meeting of the Society; the Secretary and 
lreasurer shall be elected by the Board of Directors at their 
annual meeting. Each officer so elected shall serve for one yeai 
or until his successor is elected and qualified Ihe Board of 
Directors may combine the offices of Secretary and Treasurer. 

Section 2. Should a vacancy occur in the Board of Directors 
or in any of the elected offices, except the office of President, 
through death, resignation or other cause, the Board of Directors 
may select a member of the Society to fill the vacancy until the 
next annual election. Should a vacancy occur in the office of 
President, the Vice-President shall assume the duties of the 
President until the next annual election 


ArticLe VII 
Standing Committees 


Section | Ihe Board of Directors at its first meeting each 
liscal year shall elect four of its members who, together with the 
President and Vice-President, shall constitute an Executive Com 
mittee with power to act for the Directors in the interim between 
meetings of the Board 
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Section 2 Ihe Executive Committee shall meet up 
call of the President or upon written request of any tl ree 
bers of the Committee. Four members of the Executive Cx 
tee shall constitute a quorum 

Section 3 The President-elect shall appoint, prior to tl 
meeting of the Board of Directors each fiscal vear, two me 
of the Board who shall, together with the President, { 
Finance Committee of three members, which shall prepa 
present to the Board a Budget of Estimated Income and | 
for the fiscal vear The Finance Committee shall have « 
over Society expenditures, subject to Board approval. ‘1 
nance Committee shall direct, subject to Board approy 
investment of surplus Society funds 

The Finance Committee shall recommend salaries of of 
and compensation of all persons whose services to the § 
justify such action 

Section 4 Ihe lLechnical Correlations Committee shal 
sist of a Chairman, appointed by the President, the Pres 
li chairmen ot the several tec! 


as Vice-Chairman, and 
Divisions and General Interest Committees of the Society 
Fechnical Correlations Committee shall meet at least o1 
year, upon call of the Chairman, at which time it shall re 
the reports of the various technical Divisions and Committec 
the purpose of coordinating their activities. The actions 
recommendations of the Technical Correlations Committes 
be subject to approval by the Board of Directors 
Section 5 Ihe President shall appoint the following Stan 
Committees, designating the Chairman in each case 
National Membership Committec 
Chapter Contacts Committee 
By-Laws Committee 
Annual Lecture Committee 
International Relations Committee 
\uditing Committee 
Publication Committee 
Ihe duties of the Standing Committees shall be as follows 
a) The National Membership Committee shall include 


Chairman of each Chapter Membership Committee and s 


stimulate and encourage the work of such committees 
b) The Chapter Contacts Committee shall cacourage « 


contacts between the Board of Directors and the Chapters throug 


frequent visits to Chapters by Officers and Directors « 
Society 


(c) The By-Laws Committee shall study suggested revisions « 
the by-laws and may make recommendations to the Board 


Directors in accordance with provisions in Article XX 
d) The Annual Lecture Committee shall select, plan 
arrange for (a) The Charles Edgar Hoyt Annual Lecture 


an 


b) the Lecture Courses for presentation at Annual Meetings « 
the Society. The Committee membership shall include represet 


tation of the Society's several technical interests 
(e) The International Relations Committee shall coope 
with the various technical societies recognized by the Int 


tional Committee of Foundry Technical Associations in arra 


ing for (a) exchange of technical papers, (b) holding of i 
national Foundry Congresses, and (c) cooperation on tech 
matters of international interest 

f) The Auditing Committee shall examine and study the 
nual audit of the Society’s books and shall make reports 
Board of Directors 


recommendations to the 





Article VIII 
Duties of Officers 


f 


Section | The President shall be the executive head olf 


Society. He shall preside at all Annual and Special Meetings 


the members of the Society, and at all meetings of the Boa 
Directors and of the Excutive Committee 

Section 2. The Vice-President shall perform the duties 0 
President in the absence of the President or the inability ol 
President to act 

Section 3 Ihe Secretary shall, under the direction of 
President and the Board of Directors, be the administrative o 
of the Society. He shall keep, or cause to be kept, full and 
plete records of the membership of the Society, and shall « 
or cause to be checked, the records of the National Office wit! 
records of the secretaries of the Chapters. He shall act as s 





IK 


mm 


tary at all meetings of the members of the Society, of the Boat 


of Directors, and of the Executive Committee, and perform 


other duties as shall be delegated to him by the Board of D 


tors. The office of Secretary shall be at the principal office « 
Society 

Section 4 The Treasurer shall be the financial officer « 
Society. He shal! keep, or cause to be kept, complete reco! 
all moneys received and disbursed on behalf of the Society 
shall deposit the funds of the Society in such bank or bat 
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ved by the Board of Directors. He shall report to 


financial condition of the 
verform such other duties as shall be prescribed from 


enever request Liv 
! 


e by the Board of Directors He shall give a bond 
Board of Directors 


on said bond to be paid by the Society 


which shall be fixed by the 


Ihe duties of all officers on employees of the Society 
ie Board of Direc 


n these by-laws or prescribed bv t 


determined by the Secretary 


Annual Meeting 
be submitted reports of the 


As an order of business at the 
Roard of Directors there shal 
Ireasurer and all committees ol 
Annual Report for the 


June 30 shall be accompanied by an audit made by certi 


e Secretary, the 


Ihe Treasurer's fiscal veat 


iwccountants named by the President 


Articte IX 
{nnual Meetings 


Annual Meeting of this Society 
ind location of which shall be announced by the Board 


n | There shall be an 


ectors at least three months in advance Ihe fiscal year ol 
society shall begin July | and end June 30 
n 2 Ihe annual Business Meeting of the Society shall 
as one of the sessions at the Annual Meeting, and shall 
esignated 


n 3 The 
\nnual or Special Meetings of the Society shall be as deter 


registration fees for members and non-mem 


by the Board of Directors 


ARTICLE X 
Nominations of Officers and Directors 


Ihe Board of Directors of each Chapter eligible to 
Nominating Committee, as herein pro 
Nominating 


s on | 
member on the 
shall annually select two candidates for the 

nittee from the Chapter membership, preferably represent 
industry within the 
forwarded 


ifferent branches or divisions of the 


ership. The names of the candidates shall be 


President on o 


before July | of each year 

Section 2 On or before October | of each vear the Executive 
iittee of the Board of Directors shall appoint a Nominating 
mittee of seven members, six of whom shall be from the list 

candidates submitted by the various Chapters, and 

list of members residing outside 

together with the last two living Past 

Nominating Committee of nine 


igible 
of whom may be from the 
pter territories, who 
esidents, shall constitute a 


nbers 


ippointing the Nominating Committee the Executive Com 
ee shall select members thereof in such a manner as to pro 
equitable, regional representation, and shall consider pro 
onal representation for the several branches and divisions of 
membership 


Section 3 (ny Chapter having a member on the Nominating 
mittee in any given vear shall not be eligible to have a mem 
on the Nominating Committee during the two succeeding 
Section 4 Ihe immediate Past President serving on the Nom 


ng Committee shall be the Chairman. In the absence of the 


rman, the Nominating Committee shall select a Chairman 
members of the Nominating Committee shall constitute a 
1m 

Section 5 Ihe names of the members of the Nominating 


mittee shall be published to the members of the Society not 


than November 15 of each year, following their appoint 


Section 6. If, for any reason, there shall be a vacancy or va 
cies on the Nominating Committee, said vacancy shall be filled 
he President from the remaining list of eligible candidates 
posed by the ¢ hapt rs 

Section On any day at least 90 days prior to the annual 


iness Meeting, the Nominating Committee shall meet at a 
e and place designated by the Chairman and acting in accord 
with procedure approved by the Board of Directors, shall 
e candidates for the office of President and the office of Vice 
dent and for each directorship that shall become vacant at 
innual meeting of the Board of Directors held in accordance 
the provisions of these by-laws 
Immediately after the candidates are thus nom 
the Chairman shall report the names of the nominees to 
Secretary, who shall publish said report either by mail or in 
fmerican Foundryman to all members of the Society at least 
iys before the Annual Business Meeting 
\fter the report of the Nominating Committee has 
published, and at any time 45 days prior to the date of 


yvection & 


tion 4 


XXXVI 


thre annual Business Meeting miditiona rae qotts ‘ 
made bv written petition filed wit the Secretary and sig 
> members in good standing 


\rnticor XI 
Fle 
Section | Should no candidates to othcers an cdlirectors “ 
nominated in the manne provided in) Arti \. Section & thn 
Secretary shall, at the annual Business Mee y cast the unan 


mous ballot of all members for the electi 





‘ can miale 
named in the report of the Nominating Committee, and as pul 
lished to the membership , 

Section 2 In the event additional candidates are nominated 
for anv office on directorship in the manner provided in Artick 


X, Section 9, then the election of officers and directors shall be 
by letter ballot of the members 

Section 3 In the case of election by letter ballot, it shall be 
the duty of the 


shall have sole charge of the election. The judy 


President to appoint three judges of election who 
es shall direct 
the Secretary to have printed and mailed to all members in goo« 
standing, ballots bearing the names of all candidates nominated 
in accordance with provisions of these by-laws. The judges shall 
name the final date and place for receiving of ballots 

Section 4 
ballots cast and shall certify the 
President at least 
of the Society 

Section 5 Ihe 


When polls ire closed the judges shall examine al 
results of the election to the 
24 hours prior to the annual Business Meeting 
newly elected officers and directors shall as 
Board of Directors 
which shall be held within 30 davs after the close of the fisca 
vear, June 30 


sume office at the annual meeting of the 


Articre NII 
Board 


Section | All Past Presidents of this Society shall constitut 


an Advisory Board, and may be called upon for advice by the 


Board of Directors 


Arricny NII 
Board of Awards 


Section | Ihe Board of Awards shall consist of the last seven 


living Past Presidents of the Society, which Board shall be sell 
perpetuating as each retiring President becomes a member The 
Senior Past President shall be th 

Section 2 I he 


the terms and conditions set forth in award agreements. All 


Chairman 
tjoard of Awards shall make awards subject t 


Society shall be determined 


Board of 


awards made in the name of the 
by the Board of 


Directors 


Awards, subject to approval by the 


Section 3 Ihe Board of Awards may recommend for approval 
by the Board of Directors, the names of individuals for consider 
ation as Honorary Life Members 


A\rnticLe NIV 
1 vards 
under 


Section | Ihe Board of Directors may 


which it may adopt, offer 


regulations 
medals or awards for exceptionally 
benefit the 
foundry industry Ihe cost of such medals or awards may be 


meritorious investigations o1 developments which 
defrayed from funds of the Society or from any funds which may 


be given to the Society for such purposes 


A\rticLe XV 
Divisions and Committees 


Section | Technical committee groups representing the sev 
eral major technical interests of the castings industry, to be known 
Board of 


\ Manual for the conduct of the Divisions, approved 


as Divisions of the Society, may be authorized by the 
Directors 
by the Board of Directors, shall govern the activities and pro 
cedure of all Divisions 

Section 2 Technical committce 
or more of the Divisions of the Society, to be known as Genera! 


activities of interest to two 


Interest Committees, may be authorized by the Board of Directors 

Section 5 
known as 
Board of Directors, and rules fo 
shall be approved by the Board 


Special technical interest activities or groups, to be 
authorized by the 
the conduct of such Projects 


‘Projects” of the Society, may be 


Funds raised or allocated to 
such Projects, when administered as an activity of the Society 
shall be controlled by or expended with the approval of the 


Board of Directors 











XXXVIII 
\nticpe XVI 
Re search 
Section | The Board of Directors may authorize research on 


problems of value to the castings industry, on recommendation 
of either the Technical Correlations Committee, the several tech 
nical Divisions, or the several General Interest Committees of the 
Society [he Board may make provisions for financing such re 
search activities, by the allocation of existing Society revenues 01 
the raising of additional revenues 

Section 2. Regulations for the origination, approval, place 
ment, conduct and reporting of Society-sponsored research proj 
ects shall be determined by the Board of Directors 


ArricLeE XVII 
( hapte rs 


Section 1. Organization of Chapters may be authorized by the 
Board of Directors when a sufficient number of members of the 
Society residing within a given territory file written evidence of 
their desire to organize and hold meetings for advancing the 
objects of the Society I he approval ota ¢ haptet petition shall 
be by three-fourths vote of the Board of Directors 

Section 2 \n identifying name shall be chosen by the mem 
bership of the Chapter organizing group at its first meeting 
subject to the approval by the Secretary of the Society and there 
after such Chapter shall be so designated 

Section 3 The territorial boundaries of the Chapter shall be 
subject to the approval of the Secretary of the Society and there 
after shall be kept on file at the Society headquarters. The Board 
of Directors shall have the right to readjust the boundaries of any 
Chapter 

Section 4 Any member of the Society in good standing shall 
be eligible for Chapter membership as provided in Art. IV, Sec 
} of these by-laws. He may indicate the Chapter in which such 
membership is preferred. No member of the Society shall be 
recorded as holding membership in more than one Chapter 
Only members of the Society in good standing shall be eligibl 
to hold office in any Chapter 

Section 5 Fach Chapter shall be governed by a set of by-laws, 
which must be approved by the Board of Directors of the So 
ciety, following which they shall be submitted to and adopted 
by the Chapter membership. No action of or obligation incurred 
by a Chapter shall be considered an action or obligation of the 
Society without prior approval by the Board of Directors of the 
Society. The by-laws of the Society and the Manual for the Con 
duct of Chapters, as approved by the Board of Directors of the 
Society, shall govern the procedure of all Chapters 

Section 6. No Chapter shall issue or distribute any technical 
publication over the name of the Society without prior approval 
by the Publication Committee of the Societv. Presentation of 
papers at a Chapter Meeting or Regional Conference, or distribu 
tion of same to the Chapters or membership, shall not be con 
strued as technical publication over the name of the Society 

Section 7 Ihe Board of Directors of the Society, by three 
fourths vote, shall have the right to suspend or dissolve a Chapter 
of the Society for good and sufficient reasons, after serving 60 days 
notice of intention to do so. A Chapter thus suspended may be 
reinstated by the Board of Directors. A Chapter thus dissolved 
may resume Chapter status only in accordance with the fore 
going provisions of this Article 

Section 8. For financing Chapters the Board of Directors of 
the Society may authorize appropriations which shall not exceed 
twenty per cent (20°)) of the annual dues received from mem 
bers of a Chapter 

Section 9 If the records of the Secretary show that any Chap 
ter has held not less than six regular monthly meetings during 


PRANSAC 


the fiscal year and the aggregate remittance of dues by the § 
to such Chapter during the fiscal year has been less t 
hundred ($200) dollars, the Board of Directors may aut 
payment to such Chapter of the difference between two h 

$200) dollars and the dues actually remitted to the ( 
Additional financial support of a Chapter may be authori 
the Board of Directors of the Society, on recommendation 
Finance Committee (Art. VII, Secs. 3-5) following submiss 
the Chapter of detailed financial report indicating such nee 

Section 10 The Chapters shall submit not later than ] 
to the Treasurer of the Society an annual financial report 
report shall be in accordance with the requirements of the 
ual for the Conduct of Chapters 


ArtTIcLE XVIII 
Seal and I moble LL 


Section | Ihe emblem of the Society shall be of circular 
with the initials and date of organization of the Society occu 
the cardinal points and connected by double rings. Crossing 
rings at right angles, and joined in the center by a vert 
placed trowel, a rammer and shovel shall be represented 

Section 2. Pins or other articles bearing the emblem « 
Society may, at the discreticn of the Board of Directors, be 
or sold to members 

Section 3 The seal of the Society shall be a reproduct 
the emblem, with sufficient additional space on the circumfe 
to show these words surrounding the emblem proper: “‘S« 
the American Foundrymen’s Society.” 


ARTICLE XIX 
General Provisions 


Section | No detail of foundry practice or design of foun 
appliances shall be adopted as a standard of the Society o1 


ommended by it except subject to the approval of a three-fo 
vote of the directors 
Section 2 Ihe Society shall not be responsible for statemer 


or opinions advanced in papers or in discussions at meetings « 


the Society or of its Divisions, or Sections, or printed in its p 
lications 


ARTICLE XX 
dmendments 


Section | These by-laws may be amended only by majo 
of votes cast by letter ballots which: shall be submitted by 
Secretary to all members in good standing, residing in the Unit 
States, Canada and Mexico. Said letter ballots must bear sigt 
ture of all those voting and they must be received at the Se 
tary’s office within 30 days after being mailed therefrom 
members, in order to be included in the canvass of votes. P 
liminary to the submission to the membership of said letter bi 
lots, action by a two-thirds vote of the Board of Directors of a1 
meeting thereof or by letter ballot shall take place, favoring ai 
amendment to be submitted. The Secretary shall mail letter b 
lots to members within 30 days after adjournment of the meeti! 
or vote authorizing their submission. 

Section 2 In the case of ballot on amendments, the Presicd 
shall appoint judges of election who shall count the ballots at 
time and place designated by the President, and submit 
report to him 


ARTICLE XXI 
Rules of Orde? 


Section | Roberts’ Parliamentary Rules of Order shall 
recognized as authority by this Society and its Chapters and s! 


govern the deliberations in all cases not covered by these by-laws 


i 
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XXXIEN 
4 
j 
3 
+ . 
A.F.S. Staff Retirement Plan 
On Jury 1, 1948, a Staff Retirement Plan was inaugurated tirement income $300.00 per year. maximum $6,000 per year. Re 
ed employees of American Foundrymen’s Society, fol lirement income is, in any event, guaranteed for a period of 
pproval by the Board of Directors after several years of ten vears after retirement 
n and investigation. The plan enables the building up 6. On termination of service during the period of the plan, by 
ement income payable, under normal conditions, at age death or otherwise, all contributions of the emy ce \ 
provisions in keeping with those of similar plans in effect refunded to him or his beneficiary, plus 2 per cent compoun 
sundry and other industries interest 
an is known as the American Foundrymen’s Society 7. Contributions of employees and the Society are used for the 
ent Trust and will be administered by four Trustees purchase of retirement annuity insurance policies annually 
ted by the Board of Directors to serve “until successors Borrowing against the value of these policies is not permittec 
pointed Only one of the Trustees may be a member of 8. While participation in the plan is entirely voluntary, wit! 
ard of Directors. Trustees appointed as of July 1, 1948 drawal from participation while still an emplovee of A.F.S. is 4 
hairman, B. L. Simpson, National Engineering Co., Chicago permissible, since effectiveness of the plan depends upon contin 
of Board of Directors A.F.S. (term expires 1950); F. W ous participation 
Caterpillar Tractor Co., Peoria, IIL; R. L. Lee, Grede \ll matters pertaining to the Retirement Trust are under the 
es, In Milwaukee, Wis.; H. Bornstein, Deere & Co control of the Trustees, who serve without compensation. Prio 
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ion in the amount of retirement income necessary withdrawals of funds. The Trustees are the owners 
Employee contributions, based on earnings during the pre of all policies acquired by them under the plan, although policies 
calendar year, consist of 3 per cent of the first $3,000 of will be held by A.F.S. Since the Society is incorporated in the 
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Charles Edgar Hoyt Annual Lecture 


GRAIN SIZE BEHAVIOR IN MAGNESIUM 
CASTING ALLOYS 


By 


Charles E. Nelson 


Ir Is THE AIM in this paper to give the reader a 
r appreciation of this subject by discussing its 
us aspects including the meaning of grain size: the 
ner in which it is expressed; the importance to 
eabilitvy and foundry behavior: the effect of com- 
tional and foundry variables: the most important 
niques for grain size control, e.g., superheating, 
bon inoculation, agitation, and ferric chloride treat- 
nt: and the fundamental mechanism of the grain re- 
ing action. 
Experimental results and conclusions from the litera- 
ture or the work of the author and associates will be 


nted as they are pertinent to the discussion. 


Significance of Grain Size 


Grain, as used in connection with metals, represents 
the individual metal crystals. In the case of cast metals, 

represents a crystal growing from the molten metal 
during solidification. The size of these individual crys- 
tals or grains may vary greatly in cast metals depending 
ipon the alloy system, the rate of solidification, and 
many other factors to be discussed later. In comparing 
ne piece of metal with another it is desirable to be 
ible to refer to the grain size. Unfortunately, there is 
1s yet no universally accepted standard for measuring 
or expressing grain size. 

Usually, the grain size is determined by microscopic 


examination and measurement on a finely polished and 


etched section of the metal. Grain size may be given as 


the number of grains per unit area, e.g., grains/mm*, 
the number of grains intersected by a line of given 
length, or it may be assigned an average grain diam- 
ter by a calculation from one of the above measure- 
ents. In magnesium alloys it is most common to 


express grain size as the average grain diameter (A.G. 


D.) in inches. All discussion henceforth will be based 
this method of expression. 
I here is a great deal of discussion of the grain size 
magnesium alloys in the literature and in industry. 
Chis is not because the normal grain size of these alloys 


Technical Director, Magnesium Division, The Dow 


ical Company, Midland, Mich. 


is coarser than most engineering metals, indeed quit 
the converse is true, nor is it because these alloys re- 
quire a finer grain size relative to other metals. The 
reasons for the interest are two-fold: first. magnesium 
alloys are extensively used in the aircraft industry 
where the maximum strength-weight ratio is required; 
second, magnesium alloys possess a remarkable ability 
to attain ultra-fine grain sizes through the application 
of special simple foundry techniques 

A comparison of the grain sizes of similar cross sec- 
tions of commercial sand cast alloys comprising brass, 
aluminum, magnesium, and cast iron, indicates that 
magnesium was the finest with 0.004 in. average grain 
diameter. In Fig. 1 are shown photomicrographs of 
two of the most common magnesium casting alloys, 
\Z635 (Mg-6A1-0.2Mn-3Zn) at the top and AZ92 (Mg 
9A1-0.2Mn-2Zn) at the bottom. The picture on the 
left in each case shows the typical structure of the alloy 
before any grain refining treatment, and on the right. 
the same alloy after a normal foundry grain refining 
treatment. 


Effect on Mechanical Properties 


Returning now to the importance of grain size, its 
effect on mechanical properties and other factors that 
might affect serviceability will be discussed first. In 
general, finer grain size in all metals leads to higher 
mechanical properties such as tensile and yield strength, 
per cent elongation, and fatigue strength. The paper 
by Busk and Phillips' shows properties as a function of 
grain size. The tensile, ultimate, yield, and fatigue 
strengths are improved by 10 to 15 per cent, whereas 
the elongation and impact toughness of the ductile cast 
alloys may be improved up to 50 per cent in fine- 
grained alloys (0.004 in. A.G.D.) as compared to alloys 
with grain size of 0.020 in. A.G.D. or over. Even though 
these effects are significant, much more potent factors 
such as stress raisers (notches, poor fillets, high thin 
ribs, etc.) due to bad design or machining are far more 
likely to be the seat of any service trouble. 

Before leaving the mechanical property effects of 
grain size, it should be pointed out that there are some 
commercial uses in which a moderately coarse grain 
size may be advantageous. Such a case would be a part 
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operating at a fairly high temperature where creep may 
be the limiting factor. Creep resistance of some mate- 
rials has been shown to increase with grain size within 
limits, and the usual practice in these special applica- 
tions is to choose an alloy of intermediate grain size 
thereby retaining a good balance between fatigue 
strength and creep. 

Ihe secondary effects of fine grain size, at least in 
magnesium castings, are more significant and are of 
most consequence to the foundryman. The phenomenon 
of “hot cracking” during solidification in magnesium 
alloy castings can be practically eliminated by the use 
of good grain refining practices*. These practices ap- 
pear to improve fluidity with consequent better feeding 
from the risers. Grain refining gives a finer and more 
uniform distribution of the intermetallic phases in the 
as-cast metal with the result that subsequent homoge- 
nizing heat treatments may be shortened or at least 
become more effective. One further practical advantage 
of fine grain is in machining, as coarse grains tend to 
deform under the cutting tool producing a bumpy sur 
face, and in the worst cases chip out when heavy cuts 


are taken. 


Effect of Foundry Variables on Grain Size 
Before going to the discussion of grain refining treat- 
ments, some consideration will be given to common 
foundry variables that affect grain size. Magnesium, 





like most other pure metals, is coarse grained and co 
sequently has low mechanical properties. The gi 
size is reduced markedly by the addition of alloying 
elements such as aluminum, zinc, calcium, zirconiun 
and cerium. Of these, only zirconium produces t 
ultra fine grain size comparable to that obtained in the 
common casting alloys which have been given a grail 
refining treatment. Manganese has only a slight effect 
on the grain size of binary Mg-Mn alloys, but as wi 
be seen later, it plays an important part in the contr 
of grain size in the common casting alloys. Berylliun 
even in amounts as low as 0.0005 per cent, has 
unique action in that it coarsens the grain size of th 
Mg-Al-Mn or Mg-Al-Mn-Zn alloys. 

Another factor that basically affects cast grain siz 
is the degree of chill which the mold imparts to the 
poured metal. By way of example, pressure die cas 
magnesium alloys have such a fine grain size du 
the thin sections of the casting and the chilling cap: 
of the mold that no grain refining treatment is effect 


+ 


or necessary. Permanent mold castings also show 
grain than sand castings. Due to the same chill actior 
thin sections of any casting will usually tend to show 
finer grain size than heavy sections. Heavy sections a! 
a problem in some metals, but here, magnesium casting 
alloys, particularly if given a grain refining treat 
are unique in that there will be only a slight differ 
in grain size in thin and moderately thick sections 
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r interesting grain size behavior that needs 
even though rarely occurring in practice, 


When this 
erain growth takes place during the latter part 


LIThS 


ee 


omogenization heat treatment and results in 

rains and reduced mechanical properties. Its 
ise is not known but it occurs only if all the 
conditions are met 

he allovs have a fine as-cast grain size 

than 


ontain aluminum greate1 about 8 


he casting has been subject to dra ti chilling in 
nating area 
The homogenizing heat treatment is substantially 


| 


Manganese content is below or on the low side of 


AZ65 alloy 


making 


phenomenon does not occur in the 


be avoided in the 


other alloys by 
chills are coated with an insulating wash 


flash lo make 


non-germinating 


| voiding certain it does not 
: al 
homogenizing heat 


Now that lac- 


know nN and 


speclia 
nt is used for susceptible alloys. 
jusing germination are remedies 


it is no longer a problem commercially 


Methods of Grain Refinement 


So far, the common factors which have a bearing on 


size have been discussed. Now, some of the meth- 


+] 
ods tf 


at have been advocated for treating the allovs to 
oduce fine grain will be considered. The process re- 
rred to as superheating consists of heating the molten 
oy some 300 to 500 F above its melting point for a 
ort time, then cooling back to the required pouring 
perature. This method has been discussed by Beck, 


Gann, Menking, and others and was covered by early 


United States and foreign patents ‘ Because 
of its simplicity and dependability, it has been widely 
ised and is just now gradually being displaced by som« 
of the newer inoculation methods such as carbon and 
carbonaceous addition agents, techniques for which 
were developed just prior to and during World War IL. 
These latter techniques consist essentially in adding 
irbon carbides, and carbonaceous gases 


lampblack 
or solids to the molten metal in certain effective tem- 
perature ranges, usually between 1350 and 1550 F. 
Another method of grain refining which has received 
attention consists in agitating the metal, as by mechani- 
cal stirring, at moderate temperatures such as 1350 to 
L500 F 
lhe Germans have developed a treatment known as 
the Elfinal process wherein grain refining is obtained 
by plunging an inverted ladle containing anhydrous 
» iron chloride into the molten alloy'?**. All of these 
thods will be discussed in more detail. 
lhe obvious advantage of these newer treatments is 
saving in time, fuel, and more important, in the 
of the melting equipment. 
’ (he literature of the last 15 years, and particularly 
® since 1940, contains a considerable amount of good 
P k ON magnesium grain refining. It is rather unfor- 
te that much of this work was done under war 
sure with a view to finding quick and more eco- 


Dg Rha 


nomical processes of grain refining rather than to d 
termine the basic reasons for the refining action hat 
this latter problen Is not simpk in be t ted to | 
the author who has be n sso iated with 1 group ol 
people working on both phases of the problem for 
least ten vears and still tl swe! b vy means 
clear There have been evolved number of theories 
but rather than take the time to outline them at this 
point, the vill be introduced as tl xperimental ob 
servations are presented. For the most part, these ex 
perimental observations have b | he most 
significant Irom the work of the iuthor and ociates 
but others will be presented Iron t| terature ind 


credited to the proper source 


Superheating Method of Grain Refinement 


Effect of Alloy Composition—First, the variables o 
consequence in the Superheat method of grain re 
finement will be presented Alloy composition 1s, of 
course, one of the prominent variables. It has already 
been pointed out that good grain refining can be ob 
tained in the standard casting allo which comprise 


\l-Mn-l to 4 Zn 


higher aluminum 


\Me-8 to 12 Al-Mn and Meg-6 to 10 
Of these. the con positions with the 


a natural tendency to show slightly fine 
refined than the 


contents have 
grain size and are usually more rapidh 


lowe I 


} 


aluminum content allovs. It has further been 


found that binary allovs of magnesium with zinc, silver, 
tin, aluminum, copper, and Mischmetal all re spond to 
superheating to yield fine grain size 


Me-Mn 


retining ettect 


Pure magnesium and the binary allovs are 


difficult to investigate inasmuch as the 
of superheating is lost so rapidly that a sample must be 
after the 


poured immediately treatment to note the 


maximum refinement. It may be observed that while 
the grain size is refined perhaps five fold, the absolute 


The Mg-1.2 Mn (Ml) 


alloy with a 0.1 per cent or more calcium addition re- 


grain size is still quite coarse. 


sponds more readily to grain refining treatments, and 
retains the finer grain size long enough to allow com- 
mercial use of the process in the casting of extrusion 
ingots and rolling slabs. Similarly, the addition of as 
little as 1 per cent aluminum to the MI alloy renders 
the alloy even more susceptible to superheating to yield 
fine grain size. 

Binary alloys with bismuth, chromium, and thallium 
do not respond to superheating. 

seryllium in amounts as low as 0.0005 per cent causes 
commercial alloys 


instantaneous grain coarsening in 


even though they have been given the best superheating 
treatment This is strikingly illustrated in Fig. 2 in 
which the left hand picture shows AZ92 alloy cast at 
1400 F after superheating to 1650 F. It has an A.G.D. 
of 0.005 tn. 
poured only a few minutes later from the samé melt 
after adding 0.0034 per 
A.G.D. of 0.05 in. 
0.1 per cent, when added to commercial AZ63 or AZ92 


alloys will produce this same type of coarsening if the 


[he right hand picture shows a sample 
cent beryllium. It has an 
Calcium, in amounts from 0.05 to 


sample is taken immediately after the calcium addition, 
but if, as would be the normal practice, the metal is 
not poured for five to ten minutes, the grain will be 


fine. The coarsening effect of beryllium. however. is 
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retained and will persist even after repeated remelting. 
Chis behavior of beryllium is unfortunate in view of its 
marked etfect of It has been 
claimed that counteract the 
sening action of the beryllium, but our tests have indi- 
cated zirconium is only partially effective in this r 


reducing oxidation. 


zirconium will coar- 


spect. 

Phe effect of alloy purity, especially in the common 
casting alloys, on reaction to superheating is of special 
interest. The most widely accepted theory for explain- 
ing the superheating effect is that some elements or 
compounds are present in the molten alloys that are 
not effective as nucleating agents at the low tempera- 
tures, but are taken into solution at the higher tempera- 
tures and then reprecipitate on cooling providing many 


Che 


further evolution of this theory would explain that 


effective nuclei for crystallization and fine grain. 


are lost again upon holding the 


superheating effects 
at low temperatures after superheating due to a 


these nuclei to an ineffective particle 


alloy 
coalescence olf 
size or state. Credit for this theory, incidentally, should 
in a large to the investigators, 
Achenbach, Nipper, and Piwowarsky*®, who have car- 


ried out important fundamental investigations on the 


measure German 


go 


nature of the grain refining effect of superheating on 


magnesium alloys. 


Effect of Iron on Grain Size 

Since iron is a common impurity in the range from 
0.001 to 0.030 per cent, AZ63 and AZ92 alloys were 
made with <0.001 per cent iron using distilled mag- 
nesium with high purity alloying materials, and also by 
starting with commercial materials and using the con- 
ventional iron precipitation method. All of these alloys 
responded readily to the superheating treatment and 
gave normal fine grain. This was true even though the 
iron content at no time exceeded 0.001 per cent and 
remained <0.001 per cent in the final alloy. It was 
observed, however, in additional tests that the low iron 


alloys could be grain refined at superheating tem; 


tures ranging from 


treating time 


50 to 


100 F lower 
than the higher iron alloys. 


for the 


Che 


going experiments with low iron alloys should be 


in mind in view of the theory back of the Elfinal proc. 
. 


for superheating phenomena. In the high purity 


Soe 


ve] 


namely, that iron is the element which account 


IO" 
all 


just described, typical analyses for those made from 


pure materials was as indicated in the following tabli 
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Alloy 
Element 

AZ92 AZ63 
Aluminum 8.6 6.0 
Cadmium 01 01 
Copper <.01 0.014 
Iron <—.001 001 
Manganese 0.35 0.36 
Nickel <—.00]1 001 
Lead <.001 0.006 
Silicon <.01 01 
Tin <.001 001 
Zinc 2.0 a 
Silver 0.00 























made, and further, the rate of grain coarsening at 


Thus it can be seen that other metallic impurities, 
effective, must act when present in trace amount 
In addition to the foregoing observations, it 
interest that with few exceptions the initial grait 
of the high purity alloys was fine when the alloy 


temperatures, 1200 to 1350 F, was comparatively 
The rate and extent of grain coarsening at low 
peratures after superheating was also low. On the 


of these observations one might hypothesize tha 
basic characteristic of these pure alloys is to h 
fine grain size and that some impurity normally 
in commercial alloys causes the coarsening 


e 


nt 


dency which in turn is counteracted in the cour 
the special refining treatments to yield a fine grai 
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Effect of Manganese 


is present as 
I 


minor alloving constituent 


commercial magnesium alloys and its im- 
th respect to grain size is becoming appre- 


dly. N 


some of the roles that manganese may play 


liner’*, in a fine published work, 


erain refining behavior. He concludes: 


ary Meg-Al allovs which are susceptible 


ining contain either iron or manganese in 


their solubilities at the freezing point of the 


whereas approximately 0.1 per cent manga- 


ble at the freezing point in magnesium alloys 
per cent aluminum, 0.02 per cent manga- 
ning allovs are not susce ptible to supe rheat- 


1 { 


loys containing 0.16 per cent manganese 


show increasing grain refining tendencies after 
as manganese content increases 

though the manganese and iron constitu- 

the grain structure could be recognized by 

appeared to be no cor- 


parti le S 


examination, there 


between the number of such and 


That the refined by 


Meg-Al alloys which can be 


ting show reduction in the amount of under- 


er the supe rheating treatment, whereas pure 


ind binary Meg-4Zn do not show such a 
reduction in undercooling nor do they show 

( 
rk on undercooling by Tiner'® agreed with 


dded to the work previously reported by Achen- 
Nipper, and Piwowarsky”® 


amount of undercooling. We 


who also noted that 


tine reduced thi 


efer to the significance of these undercooling tests 


Our work also shows that manganese has a particu- 
important although perhaps not essential connec- 
with grain size. A significant observation is that 
a Me A] casting alloy is treated with an excess 
manganese (1.¢e., 1 per cent or over), as is Common 
settling iron from commercial alloys, it is impossible 
refine the grain in that alloy during the same thermal 
e by any of the common techniques. To be more 
xplicit, it is the usual practice when treating out iron 
raise the 


nd then let the melt cool down to a lower pouring 


temperature of the alloy to around 1400 to 


dissolve as mute h excess Manganese as possible, 


mperature 


One might normally expect a grain refining action 
rom this thermal treatment, but such is not the case. 
Neither obtained if the 


riginal temperature cycle went as high as 1700 F or 


would grain refinement be 


over. However, if the excess iron and manganese are 


ved to precipitate out at lower holding tempera- 


e.g., 1300 F, and are removed by sludging the 
then it is possible to reheat the melt and superheat 
rain refine by other means and get good fine grain 
ell as retain good purity. 

ihe same interference of excess manganese with 

grain refining is noted in an experiment in which a 

otf AZ92 alloy was treated with a one-third addi 
molt n Mg-1.2 Mn alloy 


h within the composition range normally respond- 


The resultant alloy, 





excess Manganese 1s precipitated out by holdu t low 
temperatures (1200 to | } and removed 

melt by sludge ou After ht | O* 
can be refined by het rerhe 

methods 

The effects just described | \ lso | observed « 
large scale operations i producti foundry where 
for a short period the 1 mitted 
through deliberate additions. to 1 higl 0.5 to 
0.6 per cent in th lh 1} resu t even 
though good grain refining p1 had be followed 
the casting grain size was high for ref met 0.006 
in. to 0.015 in. A.G.D he bel ( d is 
of course, of more interest in understanding the grain 
refining mechanism than as found: rol since 
manganese conte would rar \ high 
accidentally, 

Lhe need ) ) ( 1 lowe! mit l 
magnesium casting allovs containing ov er t 
aluminum to prevent germination (grail rowth dur- 
ine heat treatment has been described in the paper 
by Peters, Busk, and Elliott nd a | the im- 
portant bearing manganese has on g1 e behavior 
in both the liquid and solid stat tl rh ust 
mentioned, it was discovered that if ontent 


A792 allov was 0.2 per cent <« higher it was 


germination. On the other hand, if man- 


in the 
difficult to get 


gancse was out of the alloy. was 


to avoid germination during the 


latter point must be kept in mind when considering the 


work ol line and other who examine the i! alloys 


for grain size only after the homogenizing heat treat- 


| his may 


not get good superheating results on the Mg-Al alloys 


| ine! did 


ment explain, for example, why 


containing no manganest whereas our work indicates 
good response to superheating on these alloys 
elfect of manganes m gver- 


47.92 alloy with man- 


cent has 


Re turning again to the 
mination, we have observed that 
ganese content from about 0.09 to 0.15 per 


considerable susceptibility to germination and might 


require the special non-germinating heat treatment to 


prevent it. It is this behavior that led to the short lived 


coarse grained castings during the war. 


epidemic of 
Whil the base allovs contained plenty ot many 
it was the practice in some foundries to hold the metal 


nese, 


in pre-melters during which time the temperatures 
often got low enough to allow the manganese to precipi- 
tate out to values of 0.09 to 0.15 per cent. The remedy, 
of course, is to keep the pre-melting units at a higher 
temperature or to raise their temperature to 1350 to 
i400 F after any low period, with stirring, so as to re- 


dissolve the manganese. 


Effect of Iron and Manganese 
that high 


0.001 per 


It has already been stated that we find 
purity magnesium casting alloys, even with 
natural fine grain. 
This may vary A.G.D. The 


interesting thing is that with both manganese and iron 


have a 
to 0.010 in 


cent iron and manganese 


from 0.003 in. 


low these alloys respond sluggishly to cither grain re- 


fining or coarsening treatments. Figure 3, showing a 


thermal treating cycle for the regular commercial pur- 
ity AZ92 alloys as compared to high purity AZ92 alloys, 
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will illustrate this behavior. If iron is present (0.02 to 
0.03 per cent) and manganese kept low, the basic grain 
size may be relatively coarse (0.01 to 0.03 in. A.G.D. 

but the alloy responds fully and quickly to both grain 
refining and coarsening treatments. If the iron is kept 
low with manganese present (0.09 to 0.35 per cent 

the basic grain size is fine (0.004 to 0.009 in. A.G.D. 

and the response to grain coarsening treatments is less 
than with alloys of normal iron and manganese content. 
Due to the initial fine grain it is hard to evaluate the 
reaction of the high purity alloys to grain refining, but 


indications are that the response is definite. 


The Elfinal Process 


Another observation is that if pure AZ92 alloy with 
iron present but no manganese is treated with ferric 
chloride (Elfinal process), no refining will take place at 
the normal treating temperature of 1400 F even though 
the iron content is increased. However, the resulting 
alloy does respond fully to superheating and coarsening 
treatments. If manganese is present in this alloy (0.05 
to 0.18 per cent), then the ferric chloride treatment re- 
fines the grain fully at 1400 F without any other treat- 
ment. Under the same conditions, the addition of iron 
as 95-5 or 90-10 Al-Fe alloy does not produce the re- 
fining effect. ‘To complete the picture, it is well known 
that regular commercial alloys which contain both iron 
and manganese respond to both grain refining and 
coarsening treatments. Furthermore, in the foregoing 
behavior it can be stated that, except for the germina- 
tion etfects, AZ63 alloy reacts similarly to AZ92. 

In connection with the effect of alloy composition on 
the superheating method of grain refining, the action 
of silicon cannot be overlooked. It is normally present 





in commercial alloys in concentrations ranging fror 
0.005 up to 0.2 per cent. In binary combinations with 
magnesium its refining effect is as striking as that 
of aluminum, zinc, or calcium. A good example of this 
is the high purity magnesium melted in a clay-graphiti 
crucible shown in Fig. 4. The temperature of the mel 
was raised slowly with samples taken for analysis and 
grain size at the beginning and at each range of tem- 
perature. The grain refinement, while only to a vali 
of 0.0065 in. A.G.D., indicated that either pure mag 
nesium (essentially free of iron and manganese) re- 
ponded to superheating, or the silicon picked up fron 
the crucible (0.02 to 0.03 per cent) at the higher tem- 
peratures caused the marked erain refinement. | 
metal did not coarsen appreciably on holding late: 
low temperatures. 

A parallel experiment, Fig. 5, starting with commer- 
cial magnesium already containing 0.030 per cent 
and 0.02 per cent silicon, did not show the same g1 
refinement response to thermal treatment even tho 
the initial grain size was finer. 

A third experiment, duplicating the first, with hig] 
purity magnesium showing no silicon pick-up also failec 
to show an effect of the thermal treatment to refine tl 
grain. A trace of aluminum was picked up with th 
silicon in the first experiment so two more parallel ex- 
periments were made, one with high purity and 
with commercial magnesium with 0.1 per cent alt 
num added to each. There was no silicon pick-up 
no grain refinement in either case. The conclus 
from these experiments would seem to be: 

1. That the small amount of silicon produc: 
marked grain refinement. 

2. That silicon was not effective if high iron was Js 
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1e casting alloy 
inder the conditions of these experiments 
yurity magnesium (low in iron, manganese, and 

did not respond to thermal treatments 

Effect of Temperature and Time—FEflect of tem 
ire and time on grain size has already been 
d upon and has been well reported in the litera- 
Che work of Tiner'®: Ma- 
and the NDRC* reports 


ttell are notable. It is pretty well agreed that 


by many investigators 
—_- Tarr, and LeGrand 
rol the common casting alloys: 
witl [he grain size may be quite variable “as melted.” 
[here is a coarsening tendency in the temperature 
f this zes from the melting point up to about 1350 to 
phit HU) F 


melt erature increases within this approximate range. 


The rate of coarsening increases as the tem- 





s and 2. The grain size begins to show refinement at 1450 
tem- to 1500 F and increases in rate and extent of refine- 
value nt with time and temperature up to about 1700 F, 
mag t which temperature refinement is already completed 
re- \t 1500 F it might require up to an hour or two to 
ron set equivalent refining. 
ten Once the grain is refined at the higher tempera- 
7 tures, the metal may be cooled to any lower tempera- 
ter at ture for pouring and still retain fine grain, providing 


holding time at and while iching the lower tem- 


ime! iture is kept under control 

t 1 t. If the elapsed time at lower temperatures after 
ora erheating and before pouring is excessive, the resul- 
10ug! tant grain size tends to coarsen again in proportion to 
time of holding with the rate and extent of coarsen- 
increasing as the holding temperature is lowered 
faile way of example, superheated metal may be held 
1e most indefinitely at around 1475 F or above without 
h tl varsening whereas it may be held only about 14 In 


Holding 


1 o1 as used here, refers to the total elapsed time after 


el ex- (00 F and perhaps only 15 min at 1300 F. 


hh ng below temperatures of about 1500 F to the time 

) n ouring. 

isions Providing adequate temperature and time is given 
F 0.005 in. A.G.D 

irther refining effect to be gained through increas- 


ttain fine grain size there is 


National Defense Research Committee. 
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ing the temperature or time or repeating the refining 
process 

6. The grain size secks to attain a certain equilibrium 
size dependent on temperature and it will therefore tend 
to coarsen or refine in order to reach that equilibrium 
size whether the metal is cooled to or heated to that 
temperature 

The conclusions just outlined apply in toto only to 
the thermal grain refining processes, and some of the 
statements would have to be modified for treatments 
involving inoculation with addition agents which are to 
be discussed later. In the latter treatments the gem ral 
equilibrium behavior would still hold true but the ab- 
solute temperatures and times would be different 

One other point in connection with thermal refining 
is the much discussed question of “over superheating” 
by treating at too high a temperatur . Our work 
shows that a coarser grain size is obtained when com- 
mercial casting alloys are treated at 1800 to 1900 I 
and will be detected if the metal is poured immediately 
after this treatment. If, however, the metal cools 
through the regular treating ranges and is poured after 
the usual holding time, the grain size will be fine. This 
elapsed time effect is believed to be the reason why 
some investigators have observed the overtre ating ellect 
while others have not This behavior may have an 
important bearing on the theory of grain refining since 
one might estimate that if the metal is poured quickly 
from the exceptionally high treating temperatures sul 
ficient unsaturation of the melt with respect to th 
nucleating phase exists enabling the metal to freeze 
before enough nuclei are precipitated to get fine grain 
and it would tend to behave like a pure metal 

Effect of Metal History—Generally, if one starts 
with coarse grain and fine grain ingot or scrap metal 
and melts and treats them by the regular thermal super- 
he ating process taking grain size samples at various 
stages ol the process, the initially fine -vraine d metal will 
remain finer than the other until the superheating tem- 
peratures are reached after which time the melts will 
become equally fine. If too much time at low tempera- 
tures (1200 to 1350 F 


equilibrium will tend to equalize the grain size. This is 


before superheating is allowed, 


illustrated by Fig. 6 wherein curves for grain size ver- 











CHARLES EpGarR Hoyt ANNUAL LeE« 





| 


° ' 2 3 





| | 
EXAMPLES OF GRAIN SIZE 


EQUILIBRIUM RUN 
ALLOY AT 1350 °F 


@ 44059 Fu GRAM TO START 
@ 44060 COARSE GRAM TO START 





a 


Fig. 6—Examples of Grain Size Equilibrium on 
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9 6 ? e 
1792 








shown for alloys of coarse and 


It has already been stated that 


1550 F are 
fine original grain sizes. 
there is no advantage to repeated superheating provid- 


sus time at 


ing the first treatment was adequate or unless the re- 
finement lost between treatments. It has been 
found possible, however, to take advantage of an ini- 
The 
first and most commonly applied is simply to resuper- 
heat the metal before casting, but limit the top tempera- 
ture to that just sufficient to produce a consistent fine 
grain size. For AZ92 this would be 1500 to 1600 F and 
for AZ63 somewhat higher, 1550 to 1650 F. Since 


many sand foundry pouring temperatures are in these 


was 


tially fine-grained metal by several expedients. 


ranges anyway this involves no great heating penalty. 
Another expedient is to melt the fine-grained metal in 
such a way that the melt temperature is rapidly brought 
to 1400 F or above so that only a very short time is spent 
in the grain coarsening range (1200 to 1400 F). 


Inoculating Coarse-Grained Metal 


Experiments on “seeding” or inoculating coarse- 
grained metal with fine-grained metal have not led to 
any practical utility. When fine-grained ingot, scrap, 
or molten metal that has been grain refined is added 
to molten metal that has not been refined, an imprac- 
tical proportion of the seeding metal is required. The 
minimum ratio of fine-grained to coarse-grained metal 
was of the order of one to one. A pot of metal main- 
tained continuously at 1300 F must be seeded with its 
whole replacement volume of fine-grained metal every 
hour in order to remain fine. Obviously, the amount of 
seeding required depends on the holding temperature 
and a lower ratio would probably suffice at 1400 to 
1450 F. 
and more reliable, seeding is not to be recommended. 


Inasmuch as refining techniques are simple 


Effect of Melt Size—The size of the melt being 
treated has an interesting effect on the efficiency of the 
grain refining process. A great deal of experimental 
work shows conclusively that it is much easier to obtain 
grain refinement in small melts. This does not mean 
that the grain size “as melted” is different depending on 
the melt size. Specifically, there are a host of ways to 
treat small melts of 1 to 50 lb and obtain good refin 
ing, yet a large proportion of these treatments either 
do not work at all or are unreliable for refining melts 
of 500 to 2,000 Ib. It can be seen, therefore, that it is 
important to evaluate any promising method by testing 
on a large scale if it is proposed to use the method for 
production-sized batches. 

[he transition of this melt size effect is gradual and 
apparently quite continuous up to 4,000-lb and even 
20,000-Ib batches. While all grain refining methods 
tried appear to be sensitive to this melt size effect, for- 
tunately there are plenty of refining methods that are 
fully effective up to the 20,000-lb size. Superheating is 
one of these methods and there are many combinations 
of inoculating methods to be described later that are 
equally effective. The reason for this behavior is not 
clear although it has been considered that differences 
in the motion of the metal due to convection currents 
may be part of the answer. 

Sufficient experimental work has been done to indi- 
cate that the effect is not simply one of time and tem- 
perature due to the bulk of metal, although, of cou 
this has an effect, particularly on cooling after suj 
heating since the time required to cool to pouring tem- 
perature may be such that the grain refining et 
would be lost unless artificial cooling were used or 
metal were ladled from the pot. It has already | 
stated that superheating is effective regardless of n clt 
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ther methods, such as chlorination alone o1 of 0.004 in. A.G.D. A control experiment, the same as 
tion alone, even though refining the grain in small the foregoing, but without superheating, gave coarse 
vill not adequately refine the grain in a 1,000-lb grain in both samples 
This is true even if excesses of chlorine or agita- \ great many experiments were made on a method 


r time are used 
Effect of Gases, Atmosphere, Fluxes—The  typ¢ 
tmosphere under which the metal is held has a 
ed effect on grain size behavior. If metal is super- 

ed and held under dried air, carbon dioxide, argon. 
hlorine, the rate of grain coarsening after super- 
ting is greatly reduced even at temperatures as low 
00 F. If the flux is specially dried, for example by 
parate treatment with calcium carbide, and dried air 
held over the melt, grain refining is spontaneous at 
mperatures of 1400 F or over. Furthermore, the grain 
ll remain fine on holding under the dried air atmo- 
phere at 1400 F. The condition of a melt with respect 
dissolved hydrogen does not seem to have much 


+ 


on grain size directly, or on the action of other 
treatments to produce good grain refinement. Our ex- 
periments included the range from metal degassed with 
hlorine to metal that had been overtreated with hydro- 
gen to the point of sponginess. This agrees with the 
and others. 
In order to determine further whether magnesium 
s could be superheated out of contact with air, sev- 
The first 
xperiment consisted of completely filling a special 
oseable ladle with molten metal by immersing the 
in a crucible full of molten AZ63 alloy at 1250 F. 


dle was then sealed. After sampling the crucible 


types of experiment were carried out. 


for initial grain size, the entire crucible of metal 
ning the submerged sealed ladle was given a 
eating treatment of 15 min at 1650 F. After 

to 1400 F, grain size samples were poured from 
tal in the open cruc ible and also from the sealed 


Both gave uniformly and equally fine grain sizes 


referred to as pipeline superheating. In this set up, Fig 
7, molten alloy (AZ63) at 1250 to 1300 F was continu- 
ously circulated with a centrifugal pump from one pot 
through a closed-pipe coil immersed in a second pot of 
metal held at 1650 F and then returned to the original 
pot. In experiments at various temperatures and rates 
of circulation it was determined that at low speeds ol 
circulation, 10 lb/min, good grain refining was obtained 
when temperatures in the superheating coil were around 
1600 F or above. 


refinement was not attained presumably because the 


At higher rates of circulation, grain 


metal was not in the hot superheating coil long enough 
About 7 min was required That this was actually 
the case was shown by attaching a sealed reservoir 
capable of holding about 40 lb of metal in series with 
the superheating coil and immersed in the same pot 
Through the use of this inventory in the hot zone it 
was possible to get grain refinement at higher speeds 
of circulation 
Che practical implication of these latter experiments 
is that a pipeline superheating unit can thus be oper- 
ated so as to take a molten metal supply at low tem- 
perature and pump a supe rheated and re-cooled metal 
at predetermined pouring temperature direct to molds. 
[he experiments are important technically in that they 
demonstrate that metal can be grain refined by super- 
heating in a closed system away from atmosphere or 
flux. Separate pot experiments indicate that it is 
easier to superheat metal when: flux is absent and that 
the grain does not recoarsen as rapidly at low tem- 
peratures. 
Very good experiments reported by Tiner'® on super- 


heating in vacuum add to the strength of the conclu- 
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sion that air, atmosphere, or flux are not necessary to 
the grain refining action These experiments hav 
strong bearing on the so-called oxide theory which 


hypothesizes that the superheating effect may be du 


- ? 
to increased reactivity between metal and atmospheres 


at the high temperature with resultant formation o 


Ine oxide or non- netallic nuclei 


Carbonaceous Additions for Grain Refining 


( irbon oO! carbonaceous addition methods because 
of their effectiveness at lower temperatures than thos¢ 
required tor superheating. show great promist of be- 
coming the predominant treatments of the future*’. It 
is possible that their adoption has actually been re- 
tarded by the fact that there are so many variations of 
th method and materials which may be used that no 
ingle agent has received sufficiently widespread usage 
to get the practi al background of «¢ xpr rience necessary 
to make a method popular. This is a temporary situa- 
tion, however, and eventually several of the methods 
will be developed to fully evaluated practical treat- 
ments by industry itself. 

It seems fitting to discuss these methods in the chron- 
ological order in which they appeared in the field. Our 
first observation of grain refining by carbonaceous ac- 
tion was in the course of experimental melting of mag- 
nesium alloys (AZ63) in a graphite resistor type Detroit 
rocking furnace in 1940. It was observed that grain 
sizes were 0.002 in. to 0.004 in. with excellent mechani- 
cal properties even though the temperature of the 
molten bath never exceeded 1350 to 1400 F. Actually, 
superheating this metal in the same furnace at 1650 F 
did not produce further refinement. 

Experimental work was started at once to determine 
whether the refinement obtained was due, first, to the 
carbon monoxide and carbon dioxide which by analysis 
were shown to exist in the atmosphere over the metal: 
second, to the partic les of carbon dust that were drop- 
ping off the oxidizing electrodes; third, to the agitation 
caused by the rocking of the furnace: or fourth, to the 
local superheating of small portions of the melt that 
were exposed to direct radiation or to contact with the 
hot furnace walls The individual experiments that 
were set up to delineate these effects showed that with- 
in certain limits each of the above agents would pro- 


duce grain relinement 


Effect of CO and CO. Atmospheres 
Atmospheres of carbon monoxide o1 carbon dioxide 


over a pot ef metal would give refinement of small 


melts 
but it was found necessary actually to bubble one of 
these TASCS through the melt to get good refinement of 
larger melts lemperatures of about 1400 F ar 
necessary for good results. An unusual behavior was 
also noted at this time in that if too much of the gas 
were passed through the metal the mechanical proper- 
ties of the cast metal would drop. Observations indi- 
cated that the metal became more viscous even though 
the grain size remained fine. The exact cause of this 
action has not yet been determined. Experiments with 
other carbon containing gases and vapors such as acety- 


lene, methane, natural gas, butylene, carbon tetrachlor- 
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ide, carbon disulphide, alcohol, and many others 
carried out and all gave good grain refining eff 
small melts. Some of the more promising ones, i 
ing carbon dioxide and natural gas, were tried 
and in combination with agitation in melts up t 


lb with good grain refinement at temperatures o! 
F or over. ; 
Attempts were made in the early years of Worl 
[I to put these processes into the production fou 
but because of the difficulty of treating each o 
verheating crucibles and the fact that th 


small suy 
pre-melting crucibles and permanent mold castin; 
ope rated at too low a temperature 1250 to 1350 } 
geet refinement the processes were held back. A 
for degassing with chlorine and grain refining wi 
bon dioxide simultaneously also failed to do thi 
adequately on the larger pots operating at low 
peratures (less than 1400 F 

Paralleling this work was the testing of solid ec: 
additions in the form of graphite, carbon, and | 
black. Grain refining in small melts was obtaine 
1400 F and over by adding the powdered materi 
or lumps of carbon or graphite. The most reprodu 
results were with lampblack. Some difficulty, 
been mentioned by others, was encountered in gett 
the lampblack in contact with the metal and 
quently more attention was given to the gaseou 
vaporizable carbon compounds previously describ 


and also to solid addition agents such as calcium 





bide, silicon carbide, inorganic carbonates, magnes 
carbonate, zinc carbonate. sodium bicarbonate, et 
evolving carbon dioxide), hexachlorethane, and hey 
chlorbenzene. Of these, calcium carbide and _ hexa 
chlorethane appeared to be the most dependable and 
safe. As has been discussed previously, the calcium car- 
bide not only refined the grain at temperatures a: 

as 1350 to 1400 F, but also dried the flux producing 
quiet melt that retained fine grain size. This works 
well in 600 to 2,000-lb pots at 1400 F or over. Add 
tions of about | to 2 per cent calcium carbide are 1 
quired. All of the agents mentioned above gave so1 
refinement. The hexachlorbenzene, while good for 1 
fining, reacts violently and would be too dangerous |! 
commercial use. 

[he third general outgrowth of the rocking furna 
observations was the work on agitation which was cd 
simultaneously with the developments described 
will be left to later discussion. 

At about this time great activity began in the 
field of magnesium grain refining due to the pressu 
Wal production. The excellent work on NDRC 
ects*®, particularly those at Battelle’®'’, and the 
pendent work of Mahoney, Tarr, and LeGrand" | 
to bring to the foreground the importance of car! 
additions and the possibilities of more reliable 
bination treatments for degassing and grain reti! 
simultaneously. The chlorine-carbon tetrachl« 
treatment deve loped by Battelle, which consists in ¢1 
training carbon tetrachloride vapors in the chlorine gas 
stream and bubbling the mixed gases into the molte! 
metal at about 1350 to 1400 F, has been found quite | 


effective for both degassing and grain refining. Ow! 


, 


work shows that this treatment will give grain re/ine- i 











claimed t 


irge as 20,000 lb. The treatment also quiring good control to insure pick up of tl ! 
iuse it will begin to refine at tempera- amount of carbon tetrachloride in th hlori Our 
550 F whereas most of the carborna- findings, though not b d |} rroducti found: 
xcept perhaps calcium carbide, do not xperience to dat ould indicate that ri tur 
ctive until 1400 F or above gas or methane mixtures would we 
t of carbon reduced magnesium it was be easier to hand I} has worked 
made with this metal appeared t melts up to 20,000 lb at | I 
isier than previous commercial alloys Che temperatures required for n refini 
s that the effect was due to residual! arbonaceous additio ! he ( ( It 
r i the metal and led to tl inde- on] be necessary to dis uss dill 
rv of the effect of carbon additions by the thermal refining method sin ! tl 
Mitchell Mahoney, Tarr, and Le overall considerations, sucl tf 
hers While the carbon m have effects in casting, alloy compositk 
rt, the question may now be raised as of atmospheres, flux: tc., apply to tl 
this ease of grain refining mav hav ments 
higher purity in the alloys as indicated Perhaps the outstanding difference is tl rt 
discussed results on controlled purit peratures at which the carb ( is tl 
[he same type of equilibrium grain size with 1 t te 
Holm** have recently reported grain temperature seems to hold in that the @ 
mesium alloys by the addition of lumps bon refined metal also tends to recoarsen on hold 
agnesite to the molten metal. They low temperatures but the critical temperatut 
at lumps are necessary since finer powders appear to be displaced downward to some extent. F\ 
in contact with the metal due to th ther, the rate of coarsening of carbon refined n il at 
the flux It has been assumed that 13550 to 1400 F seems to be slower than with ! I 
refines due to the fact that carbon diox- heated metal at the same temperature. Similarly, the 
volved during the calcination which takes place carry-over effect of fine grain size on carbon-treated 
the hot metal metal seems to be more significant. This last behavior 
work on carbon inoculation has all bee n is ol consid rable interest since It appar ntly leads to 
direction of a process that will work dependably what may be called “over treatment”. If, as the grain 
and at as low temperatures as possible size 1s observed, metal 1s repe atedly treated with car- 
that in this field the best possibilities bonaceous agents, it can be shown that at first grain 
pblack, hexachlorethane, which, incident- size gets fine and after extended treatment it coarsens 
» be used with success commercially The same etfect can be obtained if carbon refined 
English magnesium foundries, cal- metal is superheated 
and chlorine-carbon tetrachloride. The Hence it is important to use and adhere to only on 
disadvantage from the standpoint of re- refining method and not try to play safe by giving the 
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combination treatment This effect of “over treatment” 
is of consequence only if castings of large cross section, 
2 in. to 4 in., are being made. Castings with small sec- 
tions will be fine grained and do not show the over- 
treating effect unless there is a hot zone through which 
an exceptional amount of the molten metal passes dur- 
ing the filling of the mold. Figure 8 shows the grain 
size curve for 2-in. sections cast from AZ63 alloy that 
has been given varying stages of carbon treatment by 
the chlorine-carbon tetrachloride method at 1400 F. 
Note that the alloys with coarse initial grain size re- 
fined rapidly and then as carbon was added up to 
about 0.0005 per cent coarsening began. The initial 
fine -vrained alloys began to coarsen at even lower 
amounts of carbon. Under similar test conditions AZ92 
alloy began to show the coarsening effect at about 
0.0015 Ib of carbon tetrachloride per pound of metal. 

This cumulative effect of grain refining has never 
been observed when ofily superheating is used even 
though the process is repeated many times. This over- 
treating effect is not believed to be cause for alarm 
since, in general, broad ranges for carbon treatment 
appear to be available before one gets the cumulative 
eltect. 
treatment history of the remelted or scrap metal so as 


he only uncertain point is to know the pre- 


to know how to prescribe an adequate future process- 
ing. It would appear that this point will have to be 
worked out by trial and error in each foundry to find 
the correct practice in view of the type ol metal they 
are processing and their particular type of casting and 
melting practice. 

It should be stated that the apparent advantages of 
carbon treating outweigh the points just mentioned and 
a foundry should find it worthwhile to set up a process 
suitable to take advantage of the method. For the 
chlorine-carbon tetrachloride treatment it has been 
found in our work that 0.02 to 0.1 lb of carbon tetra- 
chloride per 100 lb of metal will usually give satisfac- 
tory results in normal processing and in making cast- 
ings up to 2-in. cross section. This amount is in 
the same range as that recommended in the Battelle 
work 


Agitation Method of Grain Refinement 


Che last major method of grain refining to be dis- 
cussed is agitation. While this process when properly 
done is satisfactory for smaller melts, it does not appear 
from our work to be adequate by itself for larger melts. 
In combination with carbonaceous treatments, special 
atmospheres, or gas bubbling it does have possibilities 
for certain operations. In order to get effective results 
by agitation it is important that the agitation be such 


as to provide rather violent local action such as could’ 


be obtained by high speed small stirrers or better still, 
an apparatus that will shear the metal rapidly and re- 
peatedly. Large, slow moving stirrers may actually give 
grain coarsening rather than refining, except at high 
temperatures. 

In summary of the action of the high speed type of 
agitation, it appears that, in general, agitation acts by 
permitting normal grain size equilibrium with respect 
to temperature to be reached much more rapidly. More 
specifically, agitation will cause grain coarsening more 
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rapid: at low te mpe ratures, that is. below 1400 | 
will give rapid refining at temperatures of 145 
above which would take a long time if temp 
alone were acting. One might then sav that agit 
makes superheating at 1450 F practical. Sin 
agitation in combination with other partially eff 
carbonaceous additions like, for example, carbo 
ide, or methane gas atmospheres, or bubbling 1 
this a treatment that is effective even on large n 


As has pre viously been indicated, these treatments 
be effective even down to 1350 to 1400 F as foun 


Hultgren et al * in their work on magnesium a 


made with carbon reduced magnesium. 

There has been some mention in the literature « 
possibility that cybotactic groups or liquid cryst 
might exist in magnesium alloys which might 
determine a coarse grain size on freezing unless 
liquid crystals were broken up by thermal or mec} 
cal treatment such as agitation. In view of all 
other knowledge on the grain size behavior, it sé 
more likely that agitation is merely speeding up 
unfavorable coalescing action of nuclei at low temp 
tures leading to grain coarsening and increasing 


rate of solution or transformation of the nuclei fon 


phase at the higher temperatures much like vou 


stir sugar into vour coffee. 


Elfinal Method of Grain Refinement 


ihe only other method that needs more discuss 
is the previously mentioned Elfinal process develope: 
and used extensively in Germany in the last thre 
four years. The method consists in the additior 
about | per cent anhydrous ferric chloride to the molt 
The ferri 


chloride must be anhydrous to avoid explosion and 


alloy at a temperature of 1500 to 1550 F. 


plunged under the surface of the metal by holding 


a perforated iron tube or ladle. After the treatment 
the metal temperature is dropped to 1350 to 1450 I 


and it is claimed that the metal can be held at 


temperature for an hour without grain coarsening 


Our experience with this method is limited. How- 
ever, it has been checked and found to work satistac- 
torily on standard casting alloys. As has been stated 
previously, this method did not give refinement o! 
allovs containing no manganese although both super- 


heating and carbon additions will refine the grain 


manganese absent. 


Miscellaneous Methods of Grain Refinement 


Chlorine bubbled through the metal at 1400 F 


refine the grain size of small melts but by itself will not 


give adequate refinement to melts over about 5| 
A chlorine atmosphere over molten metal and flux 


peared markedly to increas the length of time super- 


heated metal could be held at 1300 to 1400 F beto! 
recoarsening. 

Other gases, including argon, helium, hydrogen 
drogen chloride, nitrogen, oxvgen, and dried air, 
tested by bubbling through 60 to 130-lb melts at 
F without significant or consistent grain refining 
trogen, helium, or argon can be used in place of 


ine as the carriers for the carbon tetrachloride \ Oo! 


and give good grain refining, but chlorine is a 
rapid degasser and gives clean metal. 
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ride. potassium chlorate. and manganest 
results and in some 


not ol 


rive erratic er: in SIZ 


vigorously with the metal so are 
special types ot expe riment were carried out 
the phenomena of superheating and are of con- 

nterest. Leading to the experiments was the 
allovs at 


, that in a number of cases molten 


red to show om rd erain 


tempt rature appea 
vhen a part of the same melt was simulta- 
held at grain refining temperatures 


to extend the foregoing principle furthe1 


develop a production method of providing a con- 
source of grain refined metal for 
1250 to 1300 F the so- 


gq 


pouring at 
calle d 


show Sa 


tures as low as 


experiments” were made. Figure 


itic drawing of a hearth type furnace with about 
-lb metal capacity. The particular furnace used 
trically heated with radiant carbon resistors. 

vided a closed atmosphere over the metal and ; 
etal dipping well at one end. Metal could 
ed into the furnace proper through a door on the 
pposite the well or directly into the dipping well. 
| course of the experiments the te mperatures wert 
on both the metal in the 


Grain size 


well metal and the 


and production castings 


poured under each set of conditions. AZ63 and 


samples 


tested 
found that fine grain was obtained in the test 


AZ 92 allovs were 


nd the castings when the well temperature was 
1225 to 1250 F and the metal 
about 1470 F. Well tempera- 


it any point above 


furnace was above 
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tures or furnace temperatures substantially below thes 
values gave coarse grain. Higher well and furnace tem- 
peratures also gave excellent grain refinement Good 
results were obtained whether the added metal during 
continuous opt ration was charged into the well or the 
It was noted that if the temperatures 
better results were obtained by 


furnace proper. 
were on the low side, 
charging directly into the furnace. The grain refining 
took place as soon as the correct temperatures were 
reached. Castings could be poured continuously with 
new coarse-grained metal also being added continuous- 
ly at least up to the melting capacity of the unit which 
was about 200 to 300 Ib per hour. 

In an effort to isolate more completely the factors 
that might be causing the grain refining in the above 
furnace experiment some other tests were made using 


what is called the “diffusion equipment” illustrated in 
Figs. 10. 11. and 12 


20-Ib capacity steel crucibles inter-connected with a 


Lhe apparatus consisted of two 


section of pipe such that when the crucibles were filled 
with molten metal the level would be the same in each 
but the only molten metal connection was 


Several sizes of connecting pipe and 


crucible, 
through the pipe. 
different hook-ups were tried. The crucibles were filled 
with molten metal at about 1250 F. Initial grain size 
samples were taken and then one of the crucibles was 
heated to 1550 to 1700 F to get the supe rheating effect 
while the other crucible was maintained at tempera- 
tures of 1250 to 1300 F. 

It was found that with small interconnecting pipes 
of 114-in. diameter good grain refining was not ob- 
tained, but with pipe connections of 2! 2 to t-in. diam- 
eter good grain refining was obtained in the 1300 F 
crucible as long as the other crucible was at tempera- 
tures of 1550 F or over. This refining took place re- 
gardless of which crucible was at the high temperature. 
Che refining also took place without regard to whether 
the connection between the crucibles was favorable for 
convection currents, 

When the ratio of flux in the crucible was made pur- 
posely high so the only connection between the two 
crucibles was through flux, no refining took place in 
the low temperature crucible. 

When an atmosphere of carbon dioxide was held over 
the high temperature crucible and metal contact made 
between the crucibles it was found possible to get com- 
plete grain refinement with the hot crucible as low as 
1400 F and the low temperature crucible at 1300 F. 

Evidence that diffusion could take place rapidly in 
the equipment was provided by experiments wherein 
0.002 and 0.005 per cent beryllium was added in sep- 
arate tests to only one of the crucibles under conditions 
where both were being held at comparable tempera- 
tures near 1500 F, 
from each crucible showed identical beryllium contents. 


Within several minutes samples 


Evidence that convection was not the main reason 
for the transfer of the grain refining action depends on 
four considerations: 

|. The grain refining obtained seemed independent 
of whether the mechanical set-up was favorable or un- 
favorable for convection. 

2. Temperature control and measurement on the two 


crucibles did not indicate any appreciable cooling effect 
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on the hot crucible or heating on the cold crucible 
would be associated with any considerable metal int 
change. 

3. If convection and temperature were the domin 
factors then the flux should have been susceptibl 
the same interchange and should have carried over t 
the metal in the cases where flux separated the t 
crucibles. 

4. Separate 
connected crucibles of similar size showed that coars 
grained metal at 1300 F must be displaced with 
entire volume of high temperature fine-grained met 
every hour in order to show continuously a fine grai! 
particularly 


“seeding” tests carried out on two 


The foregoing experiments and 
gradient furnace are believed to have practical valu 
where foundry metal requirements fit in with this ku 
of set-up. They also have theoretical value in that 
these cases we are transmitting a thermal or carbo! 
inoculation grain refining action to moderately 
metal simply by some interchange process when 
proper thermal gradients exist in the same melt. 

Summary of Metal Treating Results 

Following is a summary of the significant facts wh 
have been brought out by the discussions thus fa 

1. The advantages of fine grain size are: 

a. Improved mechanical properties. 
b. Reduced “hot cracking” in the foundry. 
c. A fine-grained alloy is easier to solutior 


treat. 
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ect of alloving elements Is as tolliows 
An allov content of 7 per cent or over is mort 


vorable to grain refining 


Binarv allovs of magnesium with zin 

opper, cerium, and aluminum are sus- 
eptible to refinement by superheating 
Binary allovs with bismuth, thallium, chro- 
niun and calciun either coarsened upon su- 
perheating or were not affected. 
Bervilium causes a marked grain coarsening 


even further increased by superheatins 


Excesses of manganese in common 


llovs mav inte re with grain retining treat- 


: 
nts unless the excesses are allowed to pre- 


yitate and are removed from the pot. Man 


contents below the normal specification 


ryt y , +} 
I JCTI ] 1On) ] 


' 
luminun 
Grain refining is obtained in magnesium allovs bi 


Superh ating at 100 to 500 I above the meltine 


Treating the metal with carbon or carbona- 


ous solids, liquids, or gases 
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\ iolent agitation at |4U00 F or above 


1] 
especially 


in combination with carbonaceous treatments 
lreatment with ferric chloride at 1400 F (E] 
final [his treatment is effective by itself 
only if manganese is present 
Holding at low temperatures, 1200 to 1400 F, 
P 


o coarsen the grain especially after a refining 
ent 


For each temperature ther appears to be an 
brium grain size which will be reached if suffi- 
time is given regardless of whether the melt ap- 


ched trem either a higher or lower temperature. 
6. There is no cumulative effect of grain refining 
atments to give additional refining once a grain size 
the order of 0.004 in. has been obtained. There does 
ippear to be a cumulative coarsening effect from using 
too much of the carbonaceous addition agents if cast- 
ngs of large section size are being made. An “over- 
ating” grain coarsening effect can be detected if the 
tal is superheated at 1800 to 1900 F and samples 
are poured immediately from this temperature. If, 
however, the metal subseque ntly cools at a normal rate 
hrough the regula superheating range the grain will 


be fine as usual. 


thermal treatment can take 
place under vacuum, in a closed pipeline or ladle out of 


Grain refining by 


tact with atmosphere or flux. 


Grain refining can be induced into metal at as low 
250 F by molten metal contact with a portion of 
melt which is at 1470 F or above. 

. Metal can be grain refined at low temperatures by 
ling’ it with large quantities (1:1) of fine-grained 
but the process is expensive and critical. 
It is much easier to obtain grain refinement in 
ill pots than in large ones. 
Grain refinement is more easily attained and re- 
under dry flux and dry atmospheres or where 
absent. 


casting 


grain growth during heat 


1 alloys containing 


2. Ce go alk 
I \ I pear to hav tiv I 
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I tl \ S cit « r ( tr t ? reef 
ctio 
ide direct through burnitr on tl url of 
et thre ig] the Inc ¢ fluxes lK¢ containm 
per cent magnesium oxide or by treating the melt 
ith gas is oxvgen do mn produ detinit onsistent 
grain retining 
9. Work on undercooling reported in the literature 


indicates that it 1s sharp! reduced on superheated 


allovs and that the amount of this difference increases 


is alloy content increases 


Discussion 


Che most interesting experiments in connection with 
the methods of grain refining have now been covered 
and the significance of the results will be discussed with 
a view to developing a better understanding of the 
mechanism of the grain refinement. It will not be pos- 
sible to present adequately the fine discussions given in 
Mahoney, Tarr, and LeGrand", 


Achenbach, Nipper, and Piwowarsky 


the papers by Tine 
and others but 
many of the thoughts presented will be drawn from 
those references 

It seems to be a natural tendency, in seeking a theory 
to explain a number of related phenomena to attempt 
to find one single mechanism which will fit all the 
experimental facts. That this is a good approach can- 
not be denied but if followed too far may lead to over- 
simplification and failure to recognize the possibility 
that several inter-related mechanisms offer a mort 
satisfactory explanation. With these points in mind, 
let us consider in turn several of the most common hy- 
pothe ses that have’ been advanced to « xplain the grain 


refining behavior. 


Liquid Crystal Theory 


It has been found that certain solid substances 
carry over into their molten state a semblance of the 
crystal structure characteristic of the solid material 
These are sometimes referred to as “liquid crystals” 
If one were to assume that the grain size of magnesium 


alloys were controlled by such crystals, then one would 
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expt ct the m to be broken up OI dissolved in the proce SS 


of superheating thus eliminating them as nuclei fo1 
crvstallization. If such were the case, greater under- 
cooling would take place on freezing, and as pointed 
out by Tiner'®, and Achenbach, Nipper, and Piwowar- 
sky’, the exact opposite result is obtained in that the 
amount of undercooling is inversely proportional to th 
degree of superheating treatment. Further, the fact 
that a melt may be relatively fine grained as melted but 
coarsens gradually as time and temperature increase up 
to a range between 1400 and 1500 F and then begins to 
refine again with further increases in temperature, does 


not fit in with the liquid crystal idea. 


Magnesium Oxide Theory 


Phe hypothe sis has been advanced that grain refine- 
ment may be due to the formation of clouds of mag- 
nesium oxide or similar non-metallic inclusions that act 
as nuclei for crystallization. 

It is certainly true that magnesium oxide, aluminum 
oxide, or nitrides of magnesium or aluminum are al- 
most certain to be introduced into magnesium alloys as 
they are melted, superheated, and poured. One could 
also visualize the increased formation of such com- 
pounds at the higher temperatures of superheating. 

While the possibility of some nucleating or “block- 
ine’ action from these constituents cannot be wholly 
denied, the following points appear to indicate that 
their effect is minor: 

1. Direct additions of magnesium oxide, aluminum 
oxide, oxygen, nitrogen, etc., to the melt do not produce 
grain refinement nor does burning of the metal on the 
pot surface. 

2. The grain refining effect can be obtained in a 
vacuum and in a closed system away from atmospheres 
or fluxes. 

». It is not easy to see the correlation of this type 
action with the carbonaceous treating agents. 

4. The strong relationship that has been demon- 
strated between metallic constituents such as iron and 
manganese and the grain refining phenomena does not 


tie in with the oxide theory. 


Surface Tension Hypothesis 


An interesting hypothesis has been advanced by 
Bastien*® to explain the considerable grain refining 
effect of adding 1 to 10 per cent magnesium to alum- 
inum and conversely when adding similar quantities of 
aluminum to magnesium. He states that there is an 
excellent correlation with the surface tension in that 
it also decreases as the second metal is added. No data 
is given with respect to definite grain refining practices. 

It is interesting from our experience to note that 1 
per cent zirconium additions to magnesium produce 
fine grain sizes and also appear to reduce markedly the 
surface tension of the alloy. This entire field of viscos- 
ity and surface tension as a function of alloys and 
treatments should receive more study. 


Temperature-Solubility Nucleation Theory 
The most widely accepted theory to date concerning 
the general mechanism of grain refinement was first 
presented, as far as we know, by Achenbach, Nipper, 
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and Piwowarsk\ In its simple st form it suggr 
some material which at normal temperatures 
large in particle size to be effective as nuclei 
into solution at the higher temperatures and 
precipitates to form fine nuclei during the 
process. The fact that after superheating the ¢ 
fining effect deteriorates on long standing at t 
tures below the superheating range would lend c1 
to the idea that these nuclei are again coales« 
erowing to their original form and relative ine 
ness. This general theorv, while it has some we: 
that will be discussed later, goes far toward off 
mechanism which will fit the major part of the ol 
results. Investigations carried out in the last s 
eight years bring out more specifically some 
materials causing grain refining that could fit i 
above theory and it should be worth while to es 
the case for each of these materials, namely, « 


iron, and manganese. 


The Carbon Hypothesis 


Chere is adequate evidence from both experi 
and production use that carbon and carbonaceous s 
and gases can be used as inoculants to produc 
erain in magnesium casting alloys. The significant ¢d 
ference in behavior between the carbon refining n 
ods and thermal superheating seems to be in the lo 
temperature at which fine grain is obtained with 
carbon treatments. In other respects, the grain 
seems to be dependent on temperature in the same 
eral way as thermally refined alloys in that grain « 
sening occurs if the alloy is held for appreciable tir 
at temperatures below 1400 F either before or after t) 
refining treatment. 

The paper by Mahoney, Tarr, and LeGrand"® co: 
cluded that it was probable that the carbon cont 
even of electrolytically produced magnesium was bas 
cally responsible for grain refining regardless of whet! 
thermal or other methods were used. The lower te 
perature of refining in the case of deliberate carbor 
ceous additions was then explained on the basis tl 
more carbon was available. No complete explanat 
was offered as to how the carbon was functioning 
the refining mechanism other than the supposition t! 
the carbon or some carbon compound had a tempera 


ture dependent solubility which permitted precipita- 
tion of cloud-like nuclei after the melt was cast follow- 


ing exposure to temperatures above 1400 F. 


The results of the work at Battelle Memoria! Inst: 


tute led to the hypothesis'® that aluminum carbid 
Al,C3, was the compound responsible for the carbo 
refining effect largely on the basis that both aluminu 
and carbon had to be present in order to make su 


treatments effective. No conclusive experimenta! dats 


tan- 


has been found in either their work or ours to su! 
tiate this supposition since direct additions of this 1 
rial gave erratic grain refining results. This does 


preclude the possibility that aluminum carbide is im 


portant since the particle size or manner in which !t 
formed may be significant. In connection with 
aluminum carbide hypothesis, Mahoney, Tar 

LeGrand" also pointed out that there is no ind:catio! 
in the literature®’ of instability of aluminum «bid 


+? 














Dnata 1, 


> ees rie 


EF. NELSON 
re temperature range of carbon additions 
They found no evidence of the com- 
the cast allovs afte1 carbon treatment 


has indicated 


thermal superheating, ferric chloride addi- 


i 


additions are ineffective for 


irbonat CouUus 


unless either iron or manganese art 


pres- 


ting alloys made with distilled magnesium 


irbon) can be refined by superheating if iron 


nese or both are present. 
ary ol the situation with respect to carbon. 
d be concluded that like iron and manganese, it 


nportant but not an essential factor in grain re- 


chanisms 


The tron Hypothesis 


iron plays an important role in the grain size 
or of magnesium alloys has long been suspected 
good reason since iron is almost always present 
ercial alloys and has a temperature dependent 
observed that the 
the 


manganese thus tending to make 


in these allovs. It may be 


ubility drops markedly with addition of 
r aluminum or 
ecipitation reaction more likely and more critical 
known that Al-Fe, Fe-Mn, and Al-Fe-Mn 


common and mav be found in the met- 
Che further fact that 


It further 
pounds art 


raphy of magnesium alloys. 


by the Elfinal process of adding anhydrous ferric chlor- 

to the metal a good grain refining action is obtained 

hout superheating seems to clinch the point that 

is one of the elements that play some role in the 
Taln SIZE behavior. 

On the other hand, it must be remembered that the 


erric chloride process did not work at temperatures be- 
ow the superheating range unless manganese was also 
present. Also, experiments have been presented which 
showed that good grain refining could be obtained both 
by superheating and carbon refining of casting alloys 
0.001 per cent 
iron is not essential to the grain refining 


essentially free of iron hese facts 
show that 
Furthermore, it has been shown that common 


0.01 


action 


casting alloys containing a normal amount of iron 


to 0.02 per cent) show a coarser as-alloyed grain size, 
0.015 in. to 0.02 in. A.G.D., and tend to superheat and 
ulso coarsen readily at low temperatures. The same 
alloys with low iron 0.001 per cent) have a native 


moderately fine grain size, 0.006 in. to 0.010 in., which 
is refined to 0.004 in. by superheating and does not 


coarsen at low temperatures to the same degree as in 
the higher iron content alloys. These observations were 

ide on several check tests and are believed to be 
reliable. 


several alloys made with intermediate iron content, 
0.003 to 0.004 per cent, gave intermediate grain size 
response. Therefore, it may be stated that before super- 
heating the grain size of these alloys is directly propor- 
tional to the It should be 


+} re 1 ° 
he alloys mentioned thus far have a normal man- 


iron content. remembered 
ganese content, and that even with a high iron content 
all reach the same fine grain size after superheat- 
From the foregoing data one might speculate that 

superheating the iron is actually coarsening the 





Grain size il rr I ild br ul I 
iron were absent. If tl re ti superheati ould 
then be a mechanism to offset or overcome this coarsen 
ing ellect 
Since it has been establis] d that iron } coarsenil 

agent at low ten pel ir I explain 
why the ferric chloride process works her ire the 
possibilities that iIrSt, Sime th proces irnied out 
close to the superheating temperature the heat of the 
ferric chloride plus magnesium reaction may be great 


enough to raise the metal temperature ocally into the 


superheating range: or second, the ferri 
duced to give fine iron parti les which mav act as nuclei 
for crystallization. Our later discussions mavy cl: 
the true 


simply stating that: 


action Che iron effect may be summ: 


Iron appears to play an important although non- 
essential part in grain size behavior 


2. At 


grain size tha 


low iron actually fives Coarse! 


t mpe ratures, 


n the same alloy without iron 


The Manganese Hypothesis 


regarding manganese will be just like that 


Mangan \ 


iwnesium alloys, 


| he story 


of iron in many respects also. is present 


in nearly all commercial m and it has a 
temperature dependent solubility in the molten alloys 


which is greatly affected by the aluminum content 


liner'® indicates the importance of manganese to the 
effective superheating of Mg-Al and Mg-Al-Zn bas 
alloys in that he consistently obtained finer grain sizes 
in alloys with greater than 0.15 per cent manganes 


than with 0.02 per cent or no manganese. It was also 
observed that superheating could take place when iron 
was present without manganese. Tiner, therefore, con- 


cluded that it was important to have manganese or iron 


present in excess of the amount soluble at the freezing 
point of the alloy. 
liner did not work extensively with casting alloy 


compositions containing exceptionally high manganese, 
hence did not report the inability to get superheating 
effects as found in our work. 

It is these that, like 
carbonaceous additions and iron, manganese takes an 
part in the grain refining 


concluded from observations 
important but non-essentia 
Unlike iron, manganese does not appear 


the 


mechanism. 


to have a coarsening action when present in 


amounts commonly found in casting alloys 
The effect of the 
preventing abnormal grain growth 


manganese in above amounts in 


germination) dur- 
ing solution heat treatment has been mentioned in this 
paper and should be kept in mind with respect to the 
work of Tiner on alloys containing high aluminum and 
low manganese'® inasmuch as he solution-treated all 
samples before examination and may have had consid- 
erable grain growth. 

All of the foregoing grain refining mechanisms fall 
nicely into the general theory of temperature dependent 
solubility. One other possibility exists and that would 
be soluble gases. These can be dismissed from consid- 
eration in view of the following facts: 

1. None of the common gases tried except carbon 
gave significant or dependable refining at 


Chlorine, 


compounds 


least on moderate sized melts hydrogen 
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18 
chloride. and certain others may have worked on small that grain boundary prominence was inversely 
melts because of the thermal effect of the considerable tional to grain size. This correlation was not 
amount of heat locally generated. and thus far no great significance has been atta 

2. Superheating phenomena were independent of the observation. 
whether the melt was gassed with hydrogen or degassed Che next study consisted of making microradi 
with chlorine, inert gases, etc. There was no refining at 100 diameters of allovs at various stages o 
unless the thermal, carbon, or other definite grain re- refining and coarsening treatments. The sam 
fining treatment was given. radiographing were first machined so that the 

}. The thermal grain refining treatment was effective thickness corresponded closely to one grain diar 
even when carried out under vacuum or in a closed Figure 13 shows commercial AZ92 alloy afte: 
system. stages of thermal treatment. The test samples 

The general summary of all the foregoing data on poured at 1400 F. The “as alloved” piece had 
the temperature solubility theory is that there are thre« size of 0.028 in. and shows a fine overall cloud 
materials, carbon, iron, and manganese, no one of ground, After superheating for 15 min at 1650 | 
which is essential but which have an interdependence grain size had refined to 0.0025 in. and the radi 
with each other and with temperature to bring about shows clearly defined larger white (dense) part 
grain refining. This theory explains fairly well most of After holding for 2 hr at 1250 F the grain si: 
the observed results. However. it has at least one bad coarsened to 0.010 in. and the structure shows 
weakness in that it does not explain why a normal and needles of fairly large size—not too sharply defi 
casting alloy when remelted, first shows a relatively fine Figure 14 shows another commercial AZ92 
grain size at just above the melting point and then Again the “as alloyed” sample had a grain size of (),()2 
coarsens at an increasing rate with time and tempera- in. and shows the overall cloud background « 
ture increase until a critical temperature is reached particles. After treating the melt with 0.5 pet 
above which refining starts and continues until a final hexachlorethane the grain size refined to 0.005 in 
temperature is reached at which coarsening again be- the structure shows a large number of medium-si; 
gins. Solubility behavior alone would not seem to fur- sharply-defined particles. On holding 2 hr at 125 
nish the answer to these reversals of result. the grain size coarsened to 0.009 in. and the struct 

A better explanation of the observed results was shows many large fuzzy particles in fine discontinu 
found as a result of some laboratory studies not hereto- cloud-like background. 
fore reported. The electron microscope was first used Figure 15 shows commercial AZ92 alloy. After 
to examine and compare unrefined versus superheated fining the grain to 0.003 in. by adding 1 per cent 
allovs. The first observation of interest was that. in chloride the structure shows a large number of mod 
general, the fine-grained or superheated alloys showed ately well-defined medium-sized particles. On sup 
more prominent grain boundaries, that is, they appeared heating for 15 min at 1650 F and then holding 2? h 
to be broader or darker. The conclusion was drawn 1250 F, the grain size had coarsened to 0.014 in 
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Fig. 13—Microvadiographs as Function of Thermal 
Grain Refining Treatment. 
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Fig. 15—Microradiographs as Function of FeCl. Grain 


atment. 





vs fuzzy large needles, stars, and crosses. 
Figure 16 presents high purity AZ92 alloy (no iron 
\s-alloyed” it had a grain size of 0.008 in. and shows 
egated milky clouds of fine particles. On holding 
250 F for 1 hr the grain coarsened slightly to 0.010 
nd shows coalesced larger irregular particles and 
ney tor fuzzy crosses and stars. After superheating 
min at 1650 F the grain refined to 0.004 in. and 
tructure is now made up of discrete large equiaxed 
es. On holding 2 hr at 1250 F the grain size 
ned to 0.007 in. and the structure shows large 


fuzzy needles, stars,.and crosses 

The foregoing mic roradiographic pictures certainly 
give factual evidence that definite metallographic 
changes are actually taking place corresponding to 
grain refining treatments and ultimate grain size. The 
general trend in the pictures shown and in others not 
shown is a general fine particle background in alloys 
before grain refining treatments, and tendency of the 
particles to grow in size and approach the characteris- 
tic stars and crosses if the alloy is held for appreciable 
time at temperatures below the superheating range. 
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Fig. 16—Microradiographs as Function of Thermal 
Grain Refining Treatment 
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This is accompanied by grain coarsening. After super- 
heating or other refining treatments the particles seem 
to become fewer in number, more equiaxed, and more 
sharply defined. When the metal is held at low tem- 
peratures after the refining treatment, the particles 
grow in size, assume the form of needles, stars, and 
crosses and the structure is less sharply, defined. This 
corresponds to grain coarsening. It is interesting also 
that the rate of formation of the needles, stars, and 
crosses on low temperature holding after refining 1s 
much greater than before refining which correlates well 
with the relative grain coarsening rates. 

Che needles, stars, and crosses are characteristic of 
alloys containing manganese. If iron is present without 
manganese the general trend with respect to size of 
particles is similar but the structure is free of the 
needles, stars, and crosses and shows equiaxed large 
particles when the grain is fine and a cloud-like fine 
particle structure when the grain is coarse. 

In order to identify the phases present in the fore- 
going samples, characteristic particles of each type were 
examined in the electron microscope. Figure 17 shows 
one of the star-shaped particles at a magnification of 
5800X. 


determine the probable crystal structure and _ lattice 


Electron diffraction pictures were taken to 


constants of each phase. Space will not permit includ- 
ing a detailed presentation of this phase of the work 
but the following interesting results are indicated: 
































Fig. 17—Electron Microscope Picture of Sta 
Phase Believed to be MnAl,. Mag.—5800 
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he casting alloys containing manganese 

At temperatures below the superheating range 

the predominant phase has an orthorhombic 
stal structure that appears to be MnAlg. 

\t temperatures in the grain refining range 

ome of the MnAle¢ phase still exists but a large 

ymount of an “X” 


ither in the hexagonal crystal svstem or has a 


phase is present which is 


hexagonal habit plane of crystallization and has 
ittice constants close to those for magnesium 
There is reason to believe that this is MnA\],. 
At temperatures in the grain coarsening range 
aite! superhe ating it has been determined that 
the “X” phase has practically disappeared and 
the MnAl, phase is again predominant. 
an AZ9?2 alloy containing iron but no manga- 
similar series of phases exists that are tempera- 
ependent, and a “Y” phase shows up in the grain 
range and disappears in the grain coarsening 
_— s 


hexagonal habit plane. 


phase while not yet identified has a 


If AZ92 alloy containing manganese and no iron 
oth manganese and iron is treated with carbon 
chlorethane), a “Z” phase which has a hexagonal 
plane is again produced within the grain refining 
Che alloy with no iron and no manganese has 
been examined 
In the allov wherein two portions of AZ92 alloy 
mixed with one portion of Mg-2Mn alloy, no hex- 
nal phase was ever found even in the superheating 
and no grain refinement was obtained presum- 


MnAl, was 
nd and also a body-centered cubic Mn-Al phase 


bly because of the excess manganese. 


\Z92 alloy showed normal phases before and afte1 
iperheating, but after beryllium addition MnAlg was 
the predominant phase and present in much smaller 
particles. There was no hexagonal phase 

Microradiographs of this same alloy also show that 
bervilium additions greatly modify the structures ob- 
tained and eliminate the needles, crosses, and stars 
normally found after holding but still produce extreme- 
ly coarse grain. 

Inasmuch as in all the foregoing cases where grain 
refinement was obtained a temperature dependent 
phase of hexagonal crystal habit was also found, some 
consideration was given to what phases or compounds 
are known that would have this crystal habit and also 
have lattice constants close to that for magnesium since 
it is obvious that the presence of such a solid phase 
would be ideal for nucleating the crystallization of mag- 
nesium. The Mn-Al equilibrium diagram given by 
Mondolfo2* shows that: 

|. MnAl, is stable below 1310 to 1320 F. 

2. Above 1310 to 1320 F this phase changes to MnAl,. 

At around 1550 F MnAl], goes to MnAls. 

Considering that the above phases may be altered 
somewhat by the presence of magnesium, iron, carbon, 
the temperature ranges check well with the oc- 
currence of grain refining effects. It is known that the 
MnAlg is not a favorable structure for nucleation, the 
MnAl, would be ideal, and the nature of MnAl, is not 
own. If it should turn out to be other than hex- 
| it would provide an excellent explanation of the 


over-superhe iting eliect since the coarsening ol lv on 
curs on samples quickly cooled from the high tempera 
ture. 

While no such complet iIntormation 18 as vet avall- 


able on the Fe-Al or modified phases it is relatively 


certain that similar phase changes occur as dicated 
by the electron diffraction results 
Furthermore, investigation shows that other likeh 


materials that could fit into the hexagonal habit be 
havior and appropriate lattice constants a1 carbides 
of iron, silicon, aluminum, calcium, and at least one of 
the carbides of manganese, aluminum nitride, aluminun 
chloride, metallic zirconium, and zirconium-zinc. Ther 
are other possibilities but the foregoing come closest to 
those likely to be present in magnesium metallurgy 
In summarizing the significance of the foregoing pri 
liminary laboratory studies, it is concluded thet ther 
are definite evidences of phase changes in magnesium 
alloys that correspond to the known thermal and grain 
refining treatments, and that the phases present when 
grain refining is known to take place are favorable to 
nucleation, and conversely, when coarsening is taking 
place the favorable nucleating phases are disappearing 
and unfavorable phases are taking their plac It is 
further concluded that a temperature-phase relation- 
ship theory goes much farther in explaining the entire 
grain refining mechanism since it can take into account 
the interaction of the known grain and phase modify- 


ing elements 


Summary 


As a final summary of this paper it may be stated 
that research on the grain refining of magnesium alloys 
shows that: 

1. Magnesium casting alloys as commonly processed 
have a unique fine-grained structure that gives high 
mechanical properties and eliminates many foundry 


difficulties. 


2. There are at least four major methods of grain 
refining that give good.results on commercial type oper- 
tions: 
a. Superheating 
b. Carbon or carbonaceous inoculation of which 
chlorine plus hydrocarbon gas o1 vapor, direct 
addition of carbon, hexaclorethane, or calcium 
carbide are outstanding. 


c. Violent 


solids. 


igitation plus carbonaceous gases o1 


d. The German Elfinal or ferric chloride inocula- 
tion process. 
[he superheating process is still widely used but may 
be displaced by the carbon inoculation methods as ex- 
perience is gained. 

3. The effect of alloy composition variables, time, 
temperature, rate of chill and many other factors 
affecting grain size have been studied and the important 
conclusions have already been summarized (p. 14). 
Several significant conclusions are: 

a. Grain refining methods are not effective or 
required for drastically chilled small section 
castings such as pressure die castings. 


b. The Mg-Al-Mn and Mg-Al-Mn-Zn allovs are 











most readily grain refined and are the alloys 


of most interest to foundrymen. 


t. Grain refining can be done under vacuum, in a 


closed system away from atmospheres and fluxes o1 


with gassed or degassed metal 
5 continuously 
available at low 1300 F, if this 
metal is in continuous metal contact with a portion of 
the melt which is held at temperatures above 1475 F. 

With the mechanism of grain refining considered in 
information and theories and in 


metal can be made 


1250 to 


». Fine-grained 
temperatures, 


the light of existing 
view of metallurgical studies presented in this paper, 
the hypothesis is offered that grain refining or coarsen- 
ing is controlled by the presence of temperature de- 
pendent phase s that have favorable or unfavorable crys- 
tal habits for nucleation of magnesium. Microradiog- 
raphy and electron diffraction studies have shown that 
when grain refining is taking place by any of the 


common phases can be found that have a 


hexagonal crystal habit and lattice constants favorabl 
Conversely. 


prac tices, 


to nucleate magnesium crystallization. 
when coarsening is taking place these hexagonal habit 
phases are disappearing or absent. In the case of AZ92 
alloy 


sufficient identification of the actual phases formed 
and verification of their temperature equilibrium con- 


which contained the usual amount of manganese, 


ditions was accomplished to substantiate the hypothesis 
The possibilities offered by these techniques and hy- 
potheses have only been tou hed upon and, no doubt, a 
far greater understanding of grain refining behavior as 
well as many other related phenomena will be forth- 


coming, 
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1BSTRACT 


The auliie NS frie rvnportance , fie l per , 
a good cos te? to know our costs of production and ope 
ation if i charge te ef ir castin the foundry 
wl eventua ) ul j /USINESS If you charge too mucl 
iy cu U a oO d i Dusine 
{ppended / pape are pay ) i »ductior ae and 
f | l iarge ay n found 


ALMostT ALL of the foundry trade associations in 
the United Kingdom and the United Staies have pub- 
lished or have available good cost systems. For the 
average foundry, it is more a matter of deciding how 
simple or how complex the cost system should be and 
then putting it into operation. 

The problem in many foundries is that a great deal 
of time and money is expended in obtaining the cor- 
rect results of past operations and then these “costs” 
go into a binder or folder and are “kept” under cover. 
The writer has been in a number of foundries where 
the costs are carefully completed and balanced with 
the ledgers in from two to four months after the fin- 
ished castings have been shipped and then the cost 
reports are filed. ‘his method of “keeping costs’’ may 
give employment in and be a pleasure to the cost de- 
partment, and the pay roll and other costs may be dis- 
tributed to the penny, but it does not help in intelligent 
and profitable operation of the foundry. 

No cost system is of real value unless it can be and 
is used to judge current operations and accurately fore- 
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ABS 
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June 8-11, 
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Fig. 1—Daily labor loss report records excess charges. 


DO YOU USE YOUR COST SYSTEM ? 








By 
Ralph L. Lee 


cast results. How can this be done? The systen 


be used for both current and future operations 


Current Operations 


Costs should be 
with the estimating sheets to ascertain that th 


completed quickly and con 


mate is correct. 

Prices on new orders should be checked and 
cost experience is fairly recent this cost may be used 
a guide. 

If the estimate is correct, then the labor and oth 
costs become “standard” and only those costs wh 
are under or over standard are reported. 

Almost all of the overhead items are costed as a pe1 
centage of direct labor in the departments. Usual] 
the preparation of this overhead percentage, exc 
direct costs are included in the direct labor mone 
total on which the overhead percentage for indir. 
costs is established. 


can be eliminated, then it must become a part of th 


standard cost used on the estimate sheet for the par- 


ticular job or that part of the overhead will be lost 


For intelligent operating management, these excess 
costs must be brought to the attention of the super- 
visors promptly. What good does it do to tell a super- 
intendent in March that a job cost too much in Jan- 


uary? 


to make corrections while the job is running 
A daily report of excess charges may be made 


He should know within a day or two in order 


shown in Fig. l. 


Department and plant supervisory meetings should 


be held to discuss these excess charges and proper 
action should be taken. As stated above, if the excess 
cannot be eliminated, then it must become a part o! 
the standard and included in the cost on the estimat 
sheet. These daily reports should then be combined 
and reported on a weekly summary as shown in Fig. 2 








And, unless the excess labor cost 









ORIGINAL—TO FOUNDRY SUPT. 
DUPLICATE--TO FOUNDRY OFFICE FILE 
TRIPLICATE—TO GENERAL ACCTG. DEPT. 


DAILY LABOR LOSS REPORT 





WEEK NO.._____PERIOD NO. 


~DEPARTM 








— REASON FOR LABOR — TOTAL 


LOSS AND REMARKS 


asc: ws ss 


TOTAL TODAY 


TOTAL PERIOD TO DATE 





Son. aE 





eet 





G | SUNGER 
MOLDING | 


Se 


| CLEANING maINTENanct 


ei 2 


































Di 
All 


Pe: 








super- 
super- 
n Jan- 


} order 


MM .-.4 


a 
TENANCE 


es a Se 

















come eran OUT we 








SUMMARY OF LABOR LOSSES AND COST OF COMPLETED CASTING SALES 


LABOP LOSSES ON EXCESS PRODUCTION 
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1s the historical record of past costs on a par- Fig. 2—Weekly summary of lab. sses and st of 
asting and the percentage increases or de- ompleted casting sales compiled from da eports 
labor, metals, etc., it is an easy matter to 
results on the basis of past experience. ‘These ae 
up with work similar to the flywheel and would los« 
are checked currently by the method shown _ h iob. Th; , r 
. ” . . about |2'/2 per cent on each job us figure might well 
“Current Operations. Ihe estimate sheet is _* 
be 20 per cent and higher on some jobs 
by using the current change percentages and . 
; “ ; % There are many other wavs in which a cost svstem 
new estimate becomes the “standard cost. a a : 
can be used profitably. Competition will be getting 
Future Operations ; keener, the days of a seller’s market are on the way 
Overall average percentages should not be used. The out. Reference has been made chiefly to excess costs. 
has seen cases where a foundry has used aver- but it must not be forgotten that where costs ar 
os gape 
nd compared, say, January 1947 with January lower than average the customer should get the bene 
vhere increases have been as follows: fit. If the casting price is too low the foundry will 
Average Per Cent Increase Average eventually go out of business. If the price is too high 
PerCentof Jan. 1948 over Present Increase the customer may go out of business 
. 947 ' > ‘en 
- oe cae Per Cent In the following section of the paper the methods 
Met a) 2 , : 
; i ~- 20 used in applying payroll, production order and stand 
D t Labor 21 12 93.52 = 
All other costs 65 17 76.05 ard cost procedures in a foundry are outlined 
Payroll Procedure—Cleaning Department 
100 120.57 20.57 


be emphasized that the percentages shown are for 


purposes of illustration and are not actual) 


ust 
I 


Using average figures, this percentage of 20.57 would 
be used on all castings. 

It would be quite a task to get these percentages on 
the individual castings, but the work in the average 
foundry can be divided into a number of classifications, 
the number depending on the complexity of the work. 

How do the figures on certain classes of castings com 
pare with the average? A comparison of a flywheel and 
i cylinder block for a Diesel engine follows. 


FLYWHEFI 


Per Cent of Per Cent Present 

Total Cost Increase Cost 
Metals ; i 50 50 75.00 
Dereet Teer ....< scan 12 12 13.44 
All other costs pater cs 38 17 44.46 
100 132.90 

Per cent increase January 1948 over January 1947 32.90 

CYLINDER BLOCK 

Per Cent of Per Cent Present 

Total Cost Increase Cost 

Metals . io ela ta abing a aaa 19 50 28.50 
Ee 19 12 21.28 
All other costs .......... 62 17 72.54 
100 122.32 

Per cent increase January 1948 over January 1947 — 22.32 


the percentage difference here is 12.33 per cent 
-.JU per cent minus 20.57 per cent), which on $1,- 
00 production would be $123,000 and would prob- 

bly be more than the entire anticipated profit. 
the average figure is used, under competitive con- 
dit is, a foundry using these and quoting against 
using cost figures intelligently, would tend to fill 














































Former Procedure—Under the procedure formerly 


in effect in the castings cleaning department, each em- 


ployee kept a record of his individual production on ar 
operation ticket He recorded thereon the 
number, operation, and number of pieces with respect 
At the end 


of the day the data shown on the operation ticket was 


pattern 
to each pattern worked on during the day 


copied on a second operation ticket, so that two identi- 
cal records of production for each employee would be 
available. One copy would be retained by the indi- 
vidual employee to furnish him with a record of the 
work performed during the day. It would also serve 
as a medium on which he could compute his earnings 
for the day. The other copy was turned over to the 
timekeeping department for payroll purposes 

In the timekeeping department the information 
shown on each operation ticket for each employee was 
completely transcribed daily onto a summary of opera- 
tions. This set forth a record of the work performed by 
each employee and the related earnings classified as to 
direct and indirect payroll, based on piecework, and 
the hours of daywork. The daily piecework earnings 
and hours of daywork for each employee were posted 
daily on a card, from the summary above referred to 
The earnings for the payroll week were totaled and re- 
corded thereon after the summary card had been 
matched with the related attendance clock card. The 
payroll check was issued on the basis of the information 
appearing on the summary card. 

The foregoing method of compiling the payroll data 
involved a certain amount of duplication of clerical 
effort. In addition, it did not provide the basis for the 
accumulation of cost data for each lot of castings. 








The revised procedure provides that each employee 
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y pe of produc tion ticket WS¢ d to ve port cle an- 


ing department direct labor operations 


make out a separate production ticket covering the 
production with respect to each pattern worked on dur- 
ing the day. The production ticket is designed to facili- 
tate preparation of the payroll and readily provide a 
means of tabulation of labor statistics with reference 
to each pattern produced. It includes a comparison of 
the quantity of each casting reported as produced at 
each operation with the quantity shipped. 

One type of production ticket is provided, in addi- 
tion to a daywork ticket, both of which are shown in 
Figs. 3 and 4 

Regular Form of Production Ticket—The ticket 

Fig. 3) which will be used for the most part to report 
cleaning ce partment direct labor operations is designed 
to provide space on the outer edges of the ticket to re- 
cord the numercial code designation for the following: 
Employee number; labor operation number; pattern 
order number; payroll period—year and week; extra 
Ope ration 

In the body of the card space is provided for the 
following data which will be recorded thereon by the 
employees indicated: 

Cleaning department employee: Pattern number; 
name of operation; pieces finished; pieces finished on 
extra operation, date. 

Cleaning de partment foreman: Pieces on which extra 
operation will be required; reason for extra operation; 
piecework for extra operation; approval. 

Pimekeeping department: Pattern order number: 
piecework rate and amount; amount of extra opera 
tion; total to pay. 

The tickets will also bear the name and clock num- 
ber of the employee, which will be imprinted on the 
cards with an addressograph. 

It is the understanding that employees in the clean- 
ing department work for the most part on one opera- 
tion. Consequently it is intended that each employee 
be furnished with a number of tickets on which his em- 
ployee number and operation number have been slotted 
in advance. To take care of the limited number of cases 





in the cleaning department where one employe: 
forms several operations on the same casting, Operatio 
numbers will be assigned to cover each group of ope 
ations which might ordinarily be completed by on 
individual so that production can be reported by tl 
employee under the appropriate operation number 
In the cleaning department it frequently happens 
that extra piecework allowances are made by tl 
cleaning department foreman because of extra worl 
castings entailed by reason of faulty work in a pre 


(nam om ae a a a. i... L.. . .., | 





ing department. Space has been provided on the pr 
duction ticket to record extra operations of this chai 
acter, together with the related rate and _ payr 
amount. The reasons for the extra work, togethe1 
space to indicate the number of castings undet 
reason, are also shown on the ticket, as follows: 

Melting: Alloy; mix; and tron. 

Mold: Ram; gate; spray; dry; sand; pattern; strau 

Core: Bedding; box; green; bake; spray; crack 
pasting; inspection; rods; soft ram; and hard ram 

[he rates applicable to the extra operations will | 
noted on the tickets by the foreman, who will also ir 
cate the cause of defectiveness necessitating the 
operation and approve the tickets. 

In this connection, it is recommended that prod 
tion tickets covering castings on which there will 
an extra operation be written up in advance b 
foreman to show the number of castings involved 
the reasons for the extra operation. In the event 
employee fails to complete the entire lot durin; 
day, the foreman will change the quantity show 
the ticket by marking out the original quantity and 1 
serting above the quantity actually finished. H: 
then prepare an additional ticket for the casting 
completed and note thereon the cause of the d 

Employees in the cleaning department will record 
their production by pattern numbers on the green pro- 
duction ticket in use in the department for that pur 
pose, which they will retain as a record of their produc 
tion for the day. In lieu cf recopying the informato! 
onto a second production ticket, however, they vil 
make out a production ticket for each pattern, sh 
operation, number of pieces, pattern number anc 


Pay 








ti olfice 1n 


computing the payroll and com 


tistics relating to the foundry production 


ssification of time 
keeping department, but the clerk in the 
at the 


partment will, end of the day, recor« 


and earnings will be made 


1 


umbe r ot ti ke ts lor eat h employes in luding 


tickets, if any, on the reverse side of one o 


tion tickets. This will furnish the timekeep 


rtment with a means of determining that al 
kets for each employee for the day are ac 


tor In addition the clerk will record on the 


f 


} 
i 





casting or otherwise mark it to indicate to the em 
that a 
casting in the 


that effect 


re-operation 1s involved, as the position of the 


production line v1 constitute notice to 


All special tickets reporting re-operations should be 


revit wed by the before being forwarded to 


loreman 


the timekeeping departmen he tickets should be 


noted by him as to the department responsible for the 


special work, and the reasons therefor, so that proper 


accounting distribution may be made of the related 


payroll charges, in the time keeping department 
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ticket the total hours worked by the employe 

day Ihe information for this record will be 
iined from the attendance clock card 

Regula plece work tickets which are not pre slotted 


the operation number will be made available to 


Phese 
the employee is engaged ona prece work opera 


whi h he 


will not be possible to pre-slot the card for the 


tickets will be used in instances 


npliover 


is ordinarily not assigned, in which 


ration number: the operation number will be slotted 


the card has been turned i1 


to the timekeeping 
partment 
In addition to the regular production ticket described 
DOV i special production ticket will be used in the 
ing department as follows: 
5 ue Production Ticket for Reporting Re-opera 
[he special production ticket is also identical in 
vith the regular production ticket, except that no 
vision is made thereon to record extra operations 
extra operations should be involved in connection 
the work to be reported on this ticket. The spec ial 
tion ticket is to be used to record re-operations, 
Re- 
tions will usually be required by reason of welds 
welds Che ticket 


1 
and operation number. 


sitated by reason of faulty workmanship. 


will be pre-slotted for em- 


n a casting has been rejected by an inspector 
ne or more operations must be repeated thereon, 
of welds or re-welds, or for other reasons, the 
nust be reported on the special ticket provided 
purpose. It 


will not be necessary to tag the 


lickets containing a record of 
should be summarized daily in the 


A daily 


Costs should he 


extra operations and 
re-operations tim 
keeping department the related ex 


labor 


[his report will contain a record of the excessive labor 


report ol 


furnished to the foundry 


CeEeSSILVE 


costs at each operation with respect to each pattern 
number as well as the total amount for the day. In 
addition, these excessive labor costs will be set out scp- 
arately in the general accounts, classified as to the de- 


partments responsible 


Labor loss on each pattern by operations, represe nt 


ing the difference between the quantity ol castings re 
ported as produced at each operation and the quantit 


shall be 


job is finished and summarized 


shipped (after allowance for normal 
| 


S( rap 


determined when the 


on a weekly report (Fig. 2 In this manner any fail 


ure on the part of the foundry to report defective work 


as such will be subsequently disclosed 


Reporting Indirect Labor 


Daywork Ticket The daywork ticket (Fig i 1S 
to be used to report all indirect labor, whether paid 
for on a daywork or a piecework basis. These tickets 


will be pre-slotted for the employee number only 


Each employee in the cleaning department will be 


furnished with a supply of the three types of tickets 


previously described. Each type of ticket will carry a 


different colored border to readily distinguish it from 


the others. They will all be addressographed in advance 
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hig. 5—Two-part production ticket used in mold de- been turned in to the plant timekeeping departme: 
partment to report direct labor operations. [he reason for providing for a labor loss code 

nation on the border of the card is to permit n 

accumulation in the timekeeping department of 


with the employee’s name and clock number, and will ; 
labor cost of broken molds, company broken casting 


be pre-slotted with the employee’s clock number. In 
addition, the regular ticket and the spec ial ticket for 
reporting re-operations will be pre-slotted with the 


and company welds. The recommended procedure pr 
vides that tickets containing a record of the above oper- 
wie ations be summarized daily in the timekeeping depart- 
operation number. » ae 
ment, and a daily report of the related labor costs b 
Payroll Procedure—Molding Department furnished by the foundry, segregated as patter 
number. In addition, the amount of these labor losses 


[he revised payroll procedure requires that the mold : : 
will be set out separately in the general accounts 


checker prepare a separate production ticket covering ' ; 
° . cessive labor costs must be properly segregated 
the production of each employee on each separate pat- 

tern worked on during the day. The production ticket 


is designed to facilitate preparation of the payroll and 


classified in order to be adequately controlled. 


The various molders will not record their own pr 


fie : duction: this will be done by the mold checker in con- 
tabulation of labor statistics with reference to castings , 
produced compared with the quantity shipped. ; 


[wo separate forms of tickets will be used to report 


formity with the prac tice heretofore followed 
mold checker will prepare a separate ticket coveri 
the production on each pattern by each employee dur- 
ing the day. In the body of the card space is provide 


for the following data which will be recorded thereot 


labor operations in the mold department—first, a pro- 
duction ticket for reporting all direct labor operations, 
and second, a daywork ticket for reporting all indirect 


' by the employees indicated: 
labor operations, whethe1 paid for on a daywork o1 


Mold checker on original and duplicate tickets: Pat 


Production Ticket~A sample of the production tern number; mold time; floor; molds rammed; pieces 
ticket to be used in the mold department for reporting per mold; molds broken; molds not poured; mold 
direct labor operations is shown in Fig. 5. poured by molder; date. 

The production ticket consists of two parts: (a) 


original, on paper stock, which will be used as a scrap 


piccework basis. 


Timekeeping department on duplicate ticket: Pat 
tern order number; pieces poured; bad pieces; broke! 
pieces; pieces to weld; credit welds; good pieces: molds 
paid; weight each; shakeout labor rate and amount 
mold and pour rates; mold and pour amounts; patter! 
change amount; total to pay; reasons for defect 


report in the manner hereinafter described and (b 
duplicate, which will constitute the record of produc- 
tion on which employee earnings will be computed. 
Space is provided on the outer edge of the ticket to 
record the numerical code designation for the fol- , Inspector on original ticket: Reasons for defects 
Employee number; labor operation number; The mold checker formerly recorded the abov 


lowing: 
formation on a piece of scratch paper from wh 


pattern order number; payroll period—year and week; 
was later transferred to a form designated as a 


labor loss. 
The information shown on the 


The employee number and labor operation number checker’s record. 
will be slotted on the tickets, and the name and clock checker’s record as to the production of the \ 
number of the employee addressographed thereon, in molders for the day was subsequently transferre« 
the space provided, before the tickets are distributed 
for use. The pattern order number, payroll period, and 
labor loss will be slotted on the tickets after they have puted. The computation of earnings for each em 


daily summary on which the earnings of the \ 
employees in the molding department were late1 
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vhen the scrap report relating to the day’s 
was turned in by the inspector, which per- 
determination of the number of pieces on 
mployee was ¢ ntitled to receive payments. 
formation to be noted on the production ticket 
old checker, as outlined above, will be written 
riginal copy of the ticket, but it will also ap- 
the duplicate by reason of carbon spots affixed 
verse side of the original. 
Pattern Changes Recorded 
umber of pattern changes made by each molder 
the day will be accumulated and recorded by 
id checker on the ticket covering the last pro- 
1 n for each molder for the day. 
ver molding is a crew operation. The mold 
r will prepare a production ticket covering the 
tion on each pattern by the slinger molder crew. 
Lt dition one ticket for the day will be prepared for 
man participating in the slinger mold production, 
hich will be indicated that the employee is a mem- 
h f the crew, and the total number of hours he has 
d in that capacity. The distribution of the crew 
ngs will be made in the timekeeping department. 
With re spect to shakeout, which is also a crew oper- 
daily ticket will be prepared for each member 
of the shakeout crew, showing total hours worked in 


that capacity. The labor cost of the shakeouts relating 
to each pattern will be computed on each production 
ticket in the timekeeping department, based on the 
shakeout rate applicable to each pattern, and the total 
shakeout labor for the day determined, which will be 


vided between the individual crew members accord- 


U 
ing to hours worked. 

After the production tickets have been completed by 
the mold checker in the manner indicated above, he 
will detach the original from each ticket and pass it 
long to the inspec tor, which the latter will use to re- 
ord the scrap relating to the particular production. 
[he duplicate of the production tickets will be given 
to the timekeeping department. 


Scrap Classified 

(he inspector will record on each ticket the quantity 
of scrap relating to the particular production, classified 
according to the reasons, and indicating the responsi- 
bility, as set out on the ticket. Such classification of 
scrap involves no changes in the precedure formerly 
followed. He will then forward these scrap reports to 
the timekeeping department, where they will be 
matched with the related duplicate tickets, and the in- 
iormation transferred to the latter record. The dupli- 

ite ticket will then contain a complete record of the 
production for which the employee will receive pay- 

as well as a record of the scrap produced. 

When the information shown on the scrap reports has 
been transferred to the duplicate tickets covering the 
production for the day, the scrap reports will be re- 

ed to the foundry where they will be turned over 
to the respective employees to furnish them with a 
rd of their production. 
he mold checker will, at the end of the day, record 
total number of tickets for each employee, including 
ork tickets, if any, on the reverse side of one of 
roduction tickets. This will furnish the timekeep- 


7 


Q. 


99 


ing department with a means of determining that all 
ol the tickets for each employes for th day are ac- 
counted for. In addition, he will record on the same 
ticket the total hours worked by the employee, which 
information will be obtained from the attendance card. 

Daywork ticket The davwork ticket is to be used 
to report all indirect labor, whethe1 paid for on a day- 
work basis or a pirecework basis 

Individual daywork tickets should be pre pared for 
each member of the mold pouring crew 

The daywork tickets will be pre slotted for the em- 
ployee number only. 

The mold checker will be furnished with a supply of 
the production and daywork tickets for each employee 
The two types of tickets will carry different colored 
borders to distinguish them from one another. They 
will be addressographed in advance with the employee's 
name and clock number, and will be pre-slotted with 
the employee's clock number. In addition, the produc- 
tion ticket will be pre-slotted with operation number. 


Payroll Procedure—Core Department 


Under the procedure formerly in effect in the clean- 
ing de partment, ca h core checker ke pt a i cord of 
daily production ot cores toi employees by pattern 
number. These reports were turned in to the time- 
keeping department each day, where they were posted 
to a daily summary of cores produced by pattern num 
ber for each core maker. At the end of the weekly pay 
period, the total produc tion for each pattern was ascer- 
tained and extended at the established piecework 
rates, and the total piecework earnings for the em 
ployee were determined and recorded on his weekly 
summary of production. 

The revised procedure provides that the core checker 
make out a separate production ticket covering the 
production of each employee with respect to each pat- 
tern worked on during the day. The production ticket 
is designed to facilitate the preparation of the payroll 
and the tabulation of labor statistics with reference to 
each casting produced, compared with the quantity 
shipped. 

Two separate forms of tickets will be used to report 
labor operations in the core department—first, a pro- 
duction ticket for reporting all direct labor operations, 
and, second, a daywork ticket for reporting all indirect 
labor operations, whether paid for on a daywork or 
piecework basis. 

Production ticket 
to be used in the core department for reporting direct 


A sample of the production ticket 


labor operations is shown in Fig. 6. 

It will be noted the ticket is designed to provide 
space on the outer edges thereof for the numerical 
code designation for the following: Employee num- 
ber; labor operation number; pattern order number; 
payroll period year and week. 

The employee number and labor operation number 
will be slotted on the tickets, and the name and clock 
number of the employee addressographed thereon, in 
the space provided, before the tickets are distributed 
for use. The pattern order number and payroll period 
will be slotted on the tickets after they have been 
turned in to the timekeeping department. 

Each core maker will prepare a separate ticket cov- 
ering his production with respect to each pattern num- 
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6—Production ticket used in core department fo) 
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reporting de partme ntal direct labo operations. 


ber, recording on the ticket the following information 
Pattern number; core name; core time; cores made; 
and dat 

In addition he will record the core change, if anv. 
classified as to type, in the space provided on the ticket 
The number of core changes made bv a core make 
during the day will be accumulated in the timekeeping 
department, from the information shown on the indi- 
vidual tickets, and be recorded on one ticket for the 
purpose of computing the earnings applicable thereto. 

The clerk in the core department will, at the end of 
the day, record the total number of tickets for each em- 
plovee, including day-work tickets, if any, on one of 
the production tickets. ‘This will furnish the timekeep- 
ing department with a means of determining that all of 
the tickets for each emplovee for the day are accounted 
for. In addition he will record on the same ticket, in 
the space provided on the reverse side of the ticket, the 
total hours worked by the employee, which information 
will be obtained from the attendance clock card 

Daywork ticket—The daywork ticket is to be 
used to report all indirect labor, whether paid on a 
daywork or a piecework basis. These tickets will be 
pre-slotted for the employee number only. 

Each employee in the core department will be fur- 
nished with a supply of the production and daywork 
tickets. Each type of ticket will carry a different col- 
ored border to readily distinguish it from the other 
They will both be addressographed in advance with the 
employee’s name and clock number, and will be pre- 
slotted with the employee’s clock number. In addition, 
the produ tion ticket will be pre-slotted with the oper- 
ation number of the work to be performed. 


Payroll Procedure—Cupola Department 


A special payroll ticket (Fig. 7) has been designed 
for reporting cupola production. 

The ticket will be pre-slotted with the operation 
number and emplovee clock number, and will be ad- 
dressographed in advance with the employee’s name 








and clock number. 


ploy e nr sponsible for 





the cupola work. As 


noted, provision is made on the bottom of the 


for the name of the help i. whose name will be 


serted on the ticket by 
The tons of metal n 
recorded on the ticket 
the time worked by the 
In addition, it will 


the crew leader. 
ielted and time elapsed 
by the crew lead i ee 


he pe _# 


’ 


make out a ticket on which will be shown the 


be necessary for the lel] 


his refers to the name of th 


t 


Y, 
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( 


worked, which ticket will be used in the timekeey 


de partment to record | 
on the cupola ticket. 


Timekeeping 


lis daily earnings, as con 


Department Procedure 


When the daily production and daywork tickets 


turned in to the timekeeping department by the vai 


foundry departments, they will be handled in the 


lowing manner: 
\ The tickets will 


them are on hand acc« 


be reviewed to see that 


ding to the number of 


t) 


reported by the foundry timekeeper as covering 


employee's work for the day, and also to see that 


date is shown on all ti 


kets. 


B. The tickets will be gang-punched to record 


pay pt riod 


( Production tickets on which the opt ratio} 


ber has not been pre-slotted will be sorted o 


slotted for the operati 
consist principally of « 


on number. Such ticket 


leaning department tich 


ul 


porting operations on which the employee is not 


ss ' 
narily engaged, and cor 


sequently for which the 


had not been pre-slotted for operation number 


D. Tickets will be 1 
number, and then take 
from which the standa 
piece-work rates will be 
all tickets relating to 
grouped together will 
from the pattern recor 
as compared to the me 

E. Wherever necessa 
grouped according to s 


which will in all cases ic 


nanually sorted as to 
‘n to the pattern price 
rd pattern order numbx 
‘ posted to the tickets. 
a particular pattern 
facilitate the pricing 
d, and effect a saving « 
‘thod previously employ: 
ry the tickets will then 
tandard pattern order n 
lentify the pattern numb 
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be assigned to each new pattern as it Is 
= 1 will apply to that particular pattern on 


orders 
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ccording to tl \ i tl ‘ \ I 
provided the daily total as herein recorded and dis 
tributed will be equal. 1 Kact al int. to the amount 
of earnings recorded daily on the emplovees ear 
cards, from which tive PANTO Wil Ly prepa «i 

Ihe summary of pavroll and ibor daistributlo 
has been so designed I t ‘ rve rm 
the total iccumulated pavrol ( ! da distributes 
ccording to labor classification i ich dep 

It will provide a ready summa! ol DO! st na 
distribution thereot, for each week. This will act as 
c{ tr ] ount o1 the ) l ,} } hy 





HUNDREDS Tens uerTs _ - \ 
«“ te ~ eee 
= x 
| 
TONS MELTED Time RATE AMOUNT 
oe 3 : — = 


LESS 
| HELPER’S WAGE 


AMOUNT 


DATE 


z ’ 4 ‘ z ’ 4 


£2 8 ¢ 
@eé¢eee0eee1ee#e¢ee#e%#92e#€s#ss¢6 








be necessal separate the tickets cover- 
ormet the molding department, both 
ndirect, from those relating to other depart- 
= o the ! t that it will not be possible to 
= 
e ae ee ee ee 
e 
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he earnings on the molding department pro- 
kets tion tickets until the scrap reports relating to the 
Val ticular davy’s production have been turned } it 
tl be found advantageous to set them aside as th 
rnings are being extended 
t G. As the gross earnings are being extended, clean- 
department tickets on which extra operations ar 
ng I rded, will be set aside and gang-punched to iden- 
ha t them as tickets which will show labor losses 
lhe labor cost of extra operations and re-operations 
ord t the cleaning department, and the labor cost of 
broken molds, company broken castings, and one-half 
mn! = labor cost of company welds in the mold depart- 
are considered labor losses due to defective work 
( l} labor losses will be determined and set out daily 
ket special report for each department. However, 
ot oO! with respect to molding department tickets, informa- 


s to company broken castings and company welds 


slotted to identify them as labor loss tickets, 
the daily labor loss report prepared. 


Procedures in Timekeeping Department with Respect 

To Labor Tickets Other Than Molding Department 
(he amount of earnings should be computed and 

ded on each ticket. 

Che tickets should be added to establish a control 
on the payroll for the day, and recorded on a 
ary of payroll and labor distribution.” Only 
tal will be recorded at this time which will serve 
; ontrol for the subsequent distribution of labor 


that week, and also will provide a basis ton distribution 
In addi 


tion to this, the summary will also furnish the basis 


of labor at the end of each accounting period 
from which will be obtain a periodic control total 
for the accumulation of labor costs according to pat- 
tern number, as well as a daily control total of th 
labor losses as analyzed and re ported by the daily de- 
partmental labor loss reports 

}. From the cleaning department tickets on which 
extra operations are shown, and which have been set 
apart at the time they were priced and extended 
there will be pre pared a Statement, in triplicate show 
ing the total of such extra labor costs by pattern num 
ber, operation, and the department responsibl 

Lhe original of this daily departm ntal labor loss 
lry department 


the duplicate thereof should be retained in the foundry 


report will be furnished to the foun 


othice files, and the triplicate forwarded to the general 
accounting at partie nt. As the information contained 
in this report is of vital importance to the foundry su 
perintendent every effort should be put forth to supph 
this information as soon as possible. It should be an 
established rule that this report be completed imme- 
diately after tickets have been priced, extended, and 
the extra operation cards sorted out and controlled 
[his daily departmental labor loss report will 


show the amount of the loss for which each de partment 








has been re sponsible and the pattern numbers on which 
the loss was incurred. A daily total of the total loss 
chargeable to each department will be obtained and 
recorded. This daily total should be added to the 
accumulated total for the period to date as shown on 
the previous day’s report so that a current total for 
the pe riod to date is shown in each daily r port. At 
the end of the period, the accumulated total of labor 
loss chargeable to each department, as shown by the 
report lor the last day of the period, will serve as the 
basis for posting the schedule entry which will credit 
the total labor loss amount and charge an appropriate 
departmental labor loss variance account for that por- 
tion of the labor loss for which the department was 
responsible. 

Ihe foregoing daily report of labor losses due to 
extra operations and re-operations will not include the 
labor losses of the molding department as a result of 
scrap molds. A separate report will be prepared for 
this department. 

4. A daily labor distribution will be prepared: and 
posted to the Summary of Payroll and Labor Distribu- 
tion, under the appropriate headings. To facilitate the 
preparation of this distribution the tickets will be key- 
sorted by operations and arranged in operation number 
sequence. ‘This will permit of a total of the tickets for 
each operation being readily prepared. The total of 
all operations, except those of the molding depart- 
ment, posted as above noted, must be equal in exact 
amount to the control total recorded on the summary 
of payroll and labor distribution chart immediately 
upon completion of ticket pricing and extension. 

The daily distribution of labor will not include over- 
time or special allowances as the amounts thereof will 
not be determinable until the end of the weekly pay 
period. These allowances will be made, using as a 
basis the average hourly rate developed for the current 
weekly payroll, and will be included with the tickets 
for the last day of the current week. 

Before describing further procedures which are to be 
followed and operations that are to be performed on 
the labor tickets described in this section, the special 
procedures relating to labor tickets of the molding de- 
partment will be outlined to that point at which pro- 
cedures are identical for all departments. 


Procedures in Timekeeping Department Relating 
To Molding Department Labor Tickets 

In preceding paragraphs were described the opera- 
tions that are to be performed on the molding depart- 
ment tickets up to the point of insertion of the piece- 
work rates on the tickets. At that point the molding 
department tickets were set aside due to the fact that 
earnings thereon could not be calculated as good pro- 
duction was not recorded and cannot be recorded until 
after scrap reports for the day are received from the 
foundry. 

The molding department tickets, that have been 
segregated as above noted, will be subject to the fol- 
lowing procedures: 

1. Keysort the tickets so as to place them in numeri- 
cal order as to employee number. Keep all of the tick- 
ets for the day intact pending the completion by the 
inspector of the related scrap reports. 

2. When the scrap reports covering the day’s pro- 
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duction are turned in to the timekeeping dep 
they will be matched with the related producti 
ets, and the information shown on the scrap 
transferred to the tickets. When this is accon 
the tickets will contain a complete record of gr 
duction, and net production on which earning 
be computed, as well as a record of scrap produc 

3. After the information shown on the scrap 
has been transferred to the tickets covering the } 
tion for the day, the scrap reports will be retu: 
the foundry where they will be turned over to 
spective employees to furnish them with a re 





their net production. 

It is important that all information appearing 
scrap report be copied on to the production ti 
otherwise the timekeeping and cost department: 
not possess a complete record of production which 
be necessary in the event of question on the part of 
employee as to the amount of his earnings. 

4. The payroll amount should now be extended o; ( 
each ticket. In addition to the determination of tly 
mold amount, this may also involve a calculation ; 
earnings for molds poured, if the molder has poured 
his own molds, as well as a calculation of earnings op n 
account of pattern changes, which changes will by 
accumulated and shown on one ticket for each molder 

In addition to the foregoing, the amount of shakeout 
labor will be computed on each production ticket, but 
will not be added to the employee’s earnings shown o: 
the ticket. 

5. Total amount of shakeout labor earnings due t 
shakeout crew members, as shown on production tick- 
ets, and distribute total earnings to individual shakeout 
crew tickets. 

6. Distribute slinger molding crew earnings as show: 
on master tickets to individual slinger crew tickets 

Shakeout and slinger molding are crew operations 
and the total of all earnings for the day as shown or 
the production tickets will be divided between the ind- 
vidual crew members on the basis of hours worked. An 
individual ticket will be filed by each employee wh 
performs any shakeout labor or is engaged in slinger 
molding operations. The time spent by each employe: 
on these operations will have been entered thereon by 
the foundry timekeeper. 

Having obtained the total of earnings due to shake- 
out crew members the hours shown on the individual 
shakeout labor crew tickets will be totaled and th 
total earnings divided by the total hours to arrive at a! 
average hourly rate. This developed rate will be ap- 
plied to the hours worked by each crew member an¢ 
the earnings as computed entered on the ticket. For 
example, if the total shakeout earnings for the da 
amounted to $15.00 and was earned by the shakeout ; 
crew consisting of five members who worked a total 





Earnings 
Hours at Averagt 
Employee Employed Developed Ratt 

_ watuees epee ee Gee 7 $ 5.25 
B 5 8.75 
eso tehtedete sd enaaewaeeuns i 0 
D 9 1.50 
Oe aia 7g ea ra 2 1.50 
UE = ow aud aca wee 20 $15.00 








irs the computation would be made as follows 


arnings, $15.00 -—~ total hours, 20 aver- 
v rate, $0.75 

tal earnings of the slinger molding crew will 
d trom the master tickets covering the pro- 
These earnings 


each pattern by the crew. 


be distributed among the various crew mem- 
the basis of the hours worked by each, as shown 
aily ticket turned in by individual crew mem- 

manner of computation and distribution 
irnings of each crew member will be identical 
t above described for earnings of the shakeout 
mbe rs. 


tickets will next be added to establish a con- 





cket ' the mold department payroll for the day, and 


nt ntrol total recorded on the summary of payroll 
ic] or distribution chart. 
rt of payroll and labor distribution here referred to 
ribed in a foregoing section devoted to proce- 
ded relating to labor tickets for departments othe 
. of ¢] ' he molding department. The manner of re 
ation | the control total and distribution will be the 
poured s provided for in that section. The total of the 
sings on ! ng cde partment tickets as daily recorded on this 
will b su ry will be equal in exact amount to the amount 
molder of earnings posted to the employees’ earning cards, 
hakeout fr vhich the payroll will be prepared at the end of 
ket, b el 
1\OWN Of Keysort the tickets showing labor losses, which 


mprise all tickets which include earnings for 


duc ken molds, company’s broken molds, and company 
on ftick- l and prepare a statement showing the total of 
hakeout bor losses by pattern number under each reason 
his connection, the labor loss to be shown for 
s show! mpany welds is one-half the labor cost thereof and 
ckets t the entire amount, which will serve to put company 
era! : on the same basis as molder welds for labor sta- 
lOwn O! lustical purposes. 
he indi- The foregoing daily report of labor losses in the 
ced. Ar ding department will be in addition to the daily 
vee wh port of labor losses in the cleaning department, pre- 
1 slinger ously described. 
mplover 9. Prepare a daily labor distribution. This will be 
cee | posted to the summary of payroll and labor distribu 
under the appropriate headings, in the same man- 
» shake- ner as provided for tickets of departments other than 
dividu molding department, fully described previously 
an \s in the case of the labor distribution relating to the 
we at 2 departments, the molding department labor dis- 
| be ap tribution will also only include overtime and special 
her and nce on a weekly basis, as previously stated. 
et. For ibor losses in the molding department will be 
th da harged to a special account, to be cleared at the end 
hakeout month by posting to appropriate departmental 
total abor loss variance accounts, based on the information 
= ss on the daily reports of labor losses. 
rnings 
Averagt Additional Procedures on Labor 
yped Rate Tickets of All Departments 
‘ following described procedures apply to the 
" tickets of all departments, including molding. 
1.50 r the daily labor distribution has been prepared, 
1.59 st or tickets will be keysorted by employee number 
a er to group together all of the tickets for each 
—_———— eC! ee for the day. The time and earnings segre- 








eated as to piecework davwork. ind overtim to 


each employee ior the day will then be posted to a 
daily payroll summary ticket which will be main 
tained for each employee during each pay period. The 


foundry timekeeper will have previously recorded the 


total number of hours worked and the total number of 


tickets for each day Cherefore the total hours as now 


posted will balance with the original hours as entered 


) 
i ¢iTi- 


by the foundry timekeeper, and the earnings of a 


ployees will balance with the total earnings as con 





trolled through the entries made it summary of 
payroll and labor distribution 

In the cleaning department, where employees are 
not required to report the time spent on productive 
operations the hours spent on piecework will be dete 


mined by deducting daywork hours, if any, from tl 


{ 
total hours 

After the time and earnings of all employees have 
been summarized in the above manner, the total earn 
ings shown on each « mployee’s summary will be footed, 
and agreed with the payroll control for the day pre- 
viously established. 

\t the end of the payroll period the daily payroll 
summary ticket will be footed and balanced to arrive 
at the total of the employs es earnings for the period, A 
grand total of all employees earnings will be obtained 
and agreed with the grand total of earnings for the 
payroll period as shown by the summary of payroll and 
labor distribution. The tickets will then be forwarded 
together with the adding machine tape showing the 
grand total of the tickets, to the general accounting 
department for preparation of payroll checks 

\fter payroll checks have been written and the daily 
payroll tickets 


matched with the related attendance cards of the em- 


summary returned, they will be 


ploy s The two cards should be clippe d toge ther and 
permanently filed, arranged according to employee 
number sequence in each payroll period. After the in- 
dividual ¢ mploye e’s labor tickets have been ke pt intact 
for a sufficient length of time, they should be keysorted 
by pattern order number and grouped with like tickets 
relating to the same pattern order number already de- 
veloped in prior payroll periods 

Subsequently, where the particular order is com 
pleted and shipped, the production tickets relating 
thereto will be used to accumulate certain labor cost 
data, as previously described under “summary of labor 


loss on compl ted castings.” 


Procedure for Computing Labor 
Loss on Completed Castings 
As alre ad\ 


by pattern order number after the payroll for the week 


explained the labor tickets will be filed 
has been prepare d This file of produ tion labor tickets 
will be maintained in the general accounting depart 
ment, and refers to production tickets covering the 
direct labor operations shown in Table I. 
Operations shown in Table I do not cover all direct 
labor operations involved in the making of castings, but 
cover by far the major part of the direct labor ¢ x pe nded 
which can be readily controlled for cost purposes. The 
direct labor operations which will not be controlled for 
cost purposes include cupola labor, pouring and shake- 
out labor of the molding and slinger departments, and 
inspection and shipping labor of the cleaning depart- 











Paste I—Direcr LABOR OPERATIONS 





Ope ratior 


Name of Operation Number 
Molding Department—Molding ...... 7 5 
Slinger Department—Moldin salen iar 1] 
Core Department—Makers ... 15 
Core Department—Pasters : ' 16 
Cleaning Department—Mill and tumble ; l 
Cleaning Department—Sand blast ... : : re 
Cleaning Department—Scale ... heen miaiels 23 
Cleaning Department—Grind t 
Cleaning Department-—-Chip . ahi wee a 25 
Cleaning Department—Test ee Sexes 27 





ment. It will be noted that the direct labor operations 
not to be controlled for cost purposes are negligible in 
amount and will in no way interfere with the efficient 
control of foundry operations by pattern numbers. 

The purpose of instituting a cost control procedure is 
to determine and report to the foundry and general 
managements the amount of direct labor on major 
operations incurred in the production of castings in ex- 
cess of the standard direct labor of those operations in- 
cluded in the cost estimate of the castings. The amount 
of the excess direct labor expended on the production 
of castings will be determined exclusive of the molding 
and cleaning departments’ direct labor losses on broken 
molds and defective castings. As previously commented 
upon under the caption of “timekeeping department 
procedures” this latter group of labor losses will be 
reported daily by the timekeeping department fon 
management control. 

The production tickets, covering operations to be 
controlled for cost purposes, will remain in the time- 
keeping department files, by employee number, until 
sufficient time has elapsed to allow foundry employees 
to complete the computation of earnings for the week 
covered by those production tickets. When sufficient 
time has elapsed, the production tickets will be re- 
moved from the foundry timekeeping files and for- 
warded to the general accounting department for the 


purpose of computing costs. 


Establish Control Record 


The general accounting department will establish a 
memorandum control record of production tickets for 
the operations named at the fore part of this section. 
The amount to be charged to the control record will be 
the total of the labor distribution for the week covered 
by the production tickets for operations 5, 11, 15, 16, 
21, 22, 25, 24, 25, and 27. Charges to this memo con- 
trol record will be made weekly—one charge for each 
weekly payroll distribution. 

The production tickets charged to the control record 
will be filed according to the standard pattern order 
number. Production tickets for succeeding weeks will 
be sorted into the file by standard pattern order num- 
ber but it will not be necessary to sort the tickets in 
the file by labor operation numbers. 

When the work on a particular pattern has been 
completed in the foundry and the casting shipped to the 
customer, the production tickets relating thereto will 
be used to develop the labor loss statistics by operations 
for the pattern in the manner and for the purpose set 
forth in the subsequent comments. To repeat, the tick- 
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ets are already in pattern order number, the or 


tional operation required being to keysort the 
relating to the pattern in order to group them b 
operations, according to the various labor o} 
numbers slotted on the border of the tickets 
When a foundry order has been completed tl 
ducing foundry will send a copy of its comple ter 
dry order, on which has been recorded the total 1 
of castings shipped and billed, to the general a 
The rece ipt of the compl ted fi 
order by the general accounting department 1 


ine de partment 


the basis for the removal of all labor production 
for that particular pattern from the cost file. 

[he production tickets for each standard p 
order number should be sorted according to labo 
ation numbers and, in the case of molding op: 
No. 5 and slinger operation No. 11, the total num! 
molds paid for shall be determined from the 
and subtraction from that amount shouid be mad 
resenting the number of defective molds repres 
by the labor losses noted on the production ticket 
the timekeeping department. The net productio: 
the molding and slinger departments and the gr 
production of the core and cleaning departments sh 
be recorded on a three-part form designed to accur 
late the labor losses of completed patterns by m: 
direct labor operations. The information necessary 
record the costing of a completed casting will requir 


a single line entry on this form. 


Determine Operating Losses 

Ihe labor loss by operations will be arrived at | 
ascertaining the differences between the quantities re- 
ported as produced at each operation and the quant 
ties shipped (after giving effect to the scrap allowanc 
provided in the estimate) and extending such differ- 
ences at the established piecework rates for the various 
foundry operations involved. 

The total labor paid for the operations contro 
under this procedure will be determined by computing 
the quantities reported as produced at each operatior 
and recorded on the form, at the established piecework 
rates for the related operations. The total of the dir 
labor for the labor operations being controlled should 
be recorded on the form. That amount will be t! 
basis for crediting the memorandum control record fo: 
production tickets removed from the file and costed 
In addition to entering on this record the labor losses 
as determined through the above mentioned proce- 
dures, the total of the labor losses due to defective cast- 
ings previously reported to the management for dai! 
control purposes should be accumulated and summar- 
ized on this report in the following manner. The la 
cost of defective work will be shown daily on a specia 
report segregated as to pattern numbers, operations 
and cause of defectiveness. However, that daily report 
will not reflect the accumulated labor loss of detfectis 
work for each pattern. 

The production tickets for the labor losses 1 
molding, slinger, and cleaning departments incurred }) 
reason of defective castings, extra operations, and re- 
operations on castings have been slotted in the t 
keeping department in the space provided theretot 
Accordingly, these production tickets can be readi y re- 
moved from the rest of the production tickets b’ the 














I a be recorded ¢ ne Do! 
spac hich has been provided 
Summary 
I bor summa ol ) ( 
l the I owl ] ( I 8) 
rde« form in a on enti 


Mold . - Pieces produced 
Labor losses 

Cort ; Pieces produced 
Labor loss¢ S 

Mill - - Pieces produced 


Labor losses 


Sand blast - Pieces produced 
Labor losses 
Scale . - Pieces produced 
Labor losses 
Grind - - Pieces produced 
Labor losses 
Chip - - Pieces produced 
Labor lesses 
Test - - Pieces produced 


Labor losses 
Total loss 
Labor loss - Defective castings 
Total labor loss 
Total labor cost 
Pieces shipped. 


original copy of this summary will be forwarded 


foundry management for its study and guidance 


continued operation of the foundries. Several 





i : ) | Stan i ) i 
hicl \ 
dit ! 

! 1! t ) l ! \ 
I b mar t ‘ , } 
cess of th mber 
have beer rked « tl eC} I 
lo S 18 sul l ( a il t < 
productio ill not re or elu Ol 
it may b essary to rev tl tandar« 
of the casting, which may necessitate a1 Ip rd I 


vision in the selling price of the casting 

Che summary forms recording th« 
completed casting orders should be numbered and thi 
totals on the forms should be forwarded to obtain th 
total labor losses by operations for the four-we« T 
counting period 

lhe information recorded on the summary sheets of 
completed casting orders should be recorded for per 
manent historical reference onto a permanent record by 
patterns, preferably onto the permanent pattern record 
recording the following information Labor loss ré 
port number; labor loss; labor loss—detective work 
total labor loss; total labor cost 

If this information is recorded on the pattern record 
it will provide the means of reviewing foundry experi- 
ence on previous casting orders which should prove 
helpful in effectively controlling the labor cost of the 


current casting order 








THE PROBLEMS INVOLVED with contraction trom 


the point of solidification to ambient temperature are 
well Known to founders of castings of any shape and 
there are certain classes ol castings which 


than the average hazards to counteract. 


form. But 
present more 
It so often presupposes a Compromise Ihe tallurgically, 
design of the 


technically when the 


component has lett little room tor further concessions 


and prac tically 


to suit the founder. 

When producing large castings of complicated, o1 
of contrasting sections, considerable knowledge is nec 
essary in respect to the thermal behavior of such cast 


during the from the 


period of cooling down 
freezing point of the metal. Nor can the 
present during thy liquid shrinkage of a metal be left 
But it is the experience 


that we 


es 
conditions 


out of serious calculations. 


gained empirically, as with most progress, 
must look for our principal guidance in overcoming 
the hazards of contraction stresses generated by the 


strain set up by the dual and conflicting conditions 
of transformation temperatures in a cooling metal and 
distortion due to the contrasting sections and unequal 
rates of cooling 

With small castings, usually required in large quan 
tities, a trial or pilot casting can be made to ascertain 
the best manufacturing methods needed to take care 
of liquid shrinkage and solid contraction influences 
But with large 


\ large casting 


on the serviceability of the casting. 
castings this approach Is not possible. 
has often been made with all evident outward appeat 
ance of success, but it has been followed by the pro 
duction of a second casting, made in a similar mannet 
as with the first, but with much less good fortune. 
Such a subsequent failure is often due to the very 
narrow safety margin in the countering of the many 
pit-falls of manufacture, or in understanding the many 
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CONTRACTION AND DISTORTION 
IN GRAY IRON CASTINGS 


E. Longden 









\ problem understood, ol diagnosed, is half 
It is with this thought in mind that 1 


folloy 


its solution. 


author has endeavored to examine and 


thermal behavior of certain difficult classes of castings 


during cooling with a view to providing standards | 
Most found 


men will agree that there is an almost complet 


correctives or the elimination of errors. 


sence of published camber standards to countera 
castings, in particular of beds 
In a paper! publis! 


by the author in 1932, standards were put forward | 


distortion in. large 


tables, slides, travs and so on. 


a certain class of machine tool bed. These stand 
have been slightly modified and extended in the m« 


time and are again submitted for guidance of thos 


founders who may feel the need. 


The Subject Outlined 


The subject is dealt with by outlining some ol 
records taken of the thermal behavior of certain large 
castings, in particular of simple bars and machine to 
bed design, from the solidification point of the 1 


to ambient The methods employed 


follow the 
sidered as ultra-scientific, but the large-scale pat 
records taken provided dependable data. Most of t 


temp rature. 


movement of the castings cannot be co! 


records were not obtained automatically, althou 


recording instrument was built to 


It was employed to check th 


automat 
author’s design. 
ciency and reliability of the simple system gene! 


used which depends upon frequent and conti 


measurements between fixed points on the castings 


and fixed points on the outside of the mold. T! 

movements of the castings are graphically re 

and some small attempt is made to correlate ten 

ture with certain of the critical points on the cur\ 
From results of the practical research, there is 

to conclude that with cast iron castings 

section, or of a form which prec 


up introduc 


eV ide nce 


/ 


contrasting 
uniform cooling rate, the strains set 
conflicting stresses due to the dual action of exp 
and contraction operating in the same casting a! 
distorting effects of contraction. 

It is shown that due to the dual expansio 


contraction influences, common to cooling cas 




















ontrasting section (in contradiction to the 
behavior of simple uniform castings), that the 
ctions take up a greater percentage contrac 
the thinner members of the same casting 
the single component. 
information resulting from tests made in 1936 
irds, the author decided to introduce a system 
ooling the slidewavs of a certain class of ma 
casting (a roll grinding machine bed) dw 
period of cooling down to room temperature. 
ect ol accelerating the cooling rate of the 
ireas of two middle slideways considerably 
the thermal stresses and the need for cam- 
ywances by 36 per cent and the hazards of trac 
re eliminated. 
casting, 10 ft. in length, is employed to closely 
ontraction and distortion with varying depths 
ctions. From these tests, and experience, cambet 
ds are founded for certain classes of machine 
stings and similar castings. 
observations on steel and cast iron gear blank 
s bring out a fundamental difference between 


oO metals when employed in such a class ol 


Influences on Contraction 


influences which determine the behavior of 
¢ cast iron sections of simple and regular form 
Shrinkage of the fluid volume to the point of 
fication, the shrinkage varying with the compo 
and initial temperature of melting and super 
at the point of mold filling. 
Chemical and physical changes in the volume 
metal from the point of solidification to room 
peratures. 
Reduction in dimensions consequent on_ the 
ormal diminution in volume when the metal cools 
an elevated to ambient temperatures. 
In castings of complicated and contrasting section, 
r sections of unequal cooling rate, there are othe 
fluences which hinder and mask those stated in 1, 
nd 3 such as: 
Designs introducing unequal and contrasting 
tions and machining additions to the casting. 
Unequal cooling rates in spite ol equal sections, 
iuse of the unequal rate of heat transfer through 
various zones of the mold. 
Unequal cooling rates of a casting due to the 
ition of runner and riser gates and feeder heads. 
Hindered contraction from cores, enclosed sec 
of a mold and frictional resistance of the mold 


Designing for Sound and Dimensionally Correct Castings 


} 


thout due consideration of the complexity of the 
ne changes in cooling cast iron, the designer will 
nable to give much help to relieve the manufac 
of many of the obscure hazards of which the 
lryman, himself, is not always too clear about. 


th the acceptance of the oft repeated dictum 


l 
selling maximum cooperation between the pro 
levels, the founder is so often compelled to 


to expedient and, frequently, expensive tech- 


nique in his endeavor to produce an acceptable cast 
ing. Indeed, in spite of all his resourcetulness, he ts 
not always able to give a completely sound or dimen 
sionally correct casting. Designers should fullv recog 
nize that designing tor a best metal component involves 
consideration of not yust the working or mechanical 
streneth required but, also, that ot thermal stresses 
inherent in the cooling of a metal when poured into 
castings of contrasting section. [he contrasts, he must 
also remember, are emphasized by the additions made 
to a casting of machining allowances. The sections 
of a casting need careful thought if it is to be pro 
duced free from detect and true dimensionally. Se« 
tions of equal thickness, or mass, are not necessarily 
correct trom a casting pot ot view since certain area 
of a mold will not transfer heat from the metal at the 


same rate as other areas 


Foundry Technique to Overcome Contraction Stresses 


Ihe amount of contraction and degree of final dis 
tortion, it is seen, depends upon the design and _ its 
relationship to the physical and mechanical properties 
of the alloy and the influences inherent in the manu 
facturing methods such as 

l. Design section and volume of the casting 

2. ‘The class of alloy 

) Melting influences on the alloy, superheat and 
pouring t¢ In pe rature 

t. Size, shape, location and distribution of the 
runner and riser gates and teeder heads 
5. Character of the mold and core materials 

6. The method of making the mold and cores 

7. Stress relief treatment during the cooling period 
and subsequent to cooling down. 

l. Item one has had adequat reference made to it 

2. The class of alloy is so often a com promise be 
cause cast iron properties can Vary so widely, in a 
casting of contrasting section. For instance, if one 
takes as an illustration a heavy machine tool bed, the 
best class of metal for the massive slideways is by no 
means suitable for the remaining members of the cast 
ing which it may exceed by 300 to 400 per cent. ‘The 
most suitable alloy to ensure maximum freedom from 
porosity in the slideway will produce, in many designs, 
either a mottled or even white iron structure in the, 
comparatively, thinner walls of the casting. Such a 
metal would introduce acute contraction stresses and 
the attendant problems of warping and fracturing 
Occasionally, conditions being favorable, it is possible 
to pour a bed casting with two classes of metal more 
favorable to the sections. —TThe running arrangements 
are made to first pour the metal of a close-grained 
structure in the slideways and then to coniplete the 
filling of the mold with a much softer grade of metal 
through ingates located at a higher level in the mold 
[his arrangement also favors a reduction in distortion 
and, consequently in the camber allowances 

3. Metal melted at a high temperature with ade 


quate superheat and poured into a mold at a suitably 


high enough temperature will allow the mold to reach 
a more accommodating temperature than if poured at 
a low temperature. Thus, contraction and distortion 


tendencies are reduced somewhat. 








| Lhe size, shape and location of the negates, risel 
gates and feeder heads are so olten a compromise. 
Ihe admission of metal at a sale point, such as a 
heavy lower section of the casting, will not be favor 
able to equalizing cooling rates or stresses It does, 
indeed, increase the contrast ol a section already ovei 
burdened with heat as a result of its section. In con 
trast, it would be more equalizing if the mold is 
poured through the thinner sections to even up the 
temperature gradient. Flow-olf risers can be suitably 
located, but tor teed headers there is often no alter 
native 

5 and 6. The character of the mold and core mat 
rial and the manner of constructing the mold. Much 
can be done to reduce contraction stresses if enclosed 
Portions ot the mold and cores are constructed to 
vield to the contracting metal 

Iron reinforcements to the sand should be carefully 
watched and reduced to the minimum margin. Resort 
may be made to creating a looseness in certain areas 
of the core and mold by introducing pockets of cin 
ders, sawdust, wood and even an easily fusible metal. 
It is often only possible to overcome a contraction 
hazard by some treatment of the casting at some stage 
after the metal has solidified after pouring. It may 
involve the release by breaking away of the enclosed 
mold or cored area. Or a section of the casting may 
be bared so that its rate of cooling is accelerated and 
in line with the remainder of the casting. With a 
certain class of steel casting the core is released imme 
diately after solidification by injecting a stream of 
water into the cored area, all other methods not being 
rapid enough to allow the early contraction which 
deve lopes Great care is often exercised to produce a 
core in green sand which will be less resistant than 
a dried Core, 

7. The heat treatment of castings has been devel 
oped to accelerate the so-termed aging and _ stress 
relieving of castings so that failure from fracture and 
creep after machining operations is materially re 
duced. It is known that there are other methods of 


re lic Vine stresses 
Test Procedure 


Most of the tests were made without correlating 
temperature with the thermal behavior of the castings. 
Various types of castings were examined, but machine 
tool beds, boring bars and gear blank castings pro 
vided the most outstanding examples of greatest 
clarity. 

It will be realized that the movements of a large 
complicated casting during the cooling down period 
will need to be examined carefully to avoid the many 
sources of error. It is not claimed that all possible 
sources of error have been eliminated, but such errors 
which may exist are not of a major character and the 
main conclusions are based on supportable premises. 

Figures 1, 2 and 3 indicate the arrangements em 
ployed to follow the movements of the castings exam 
ined. Figure 1 shows the method first used and it 
was found to be most universally applicable on ac 
count of the number of points of the casting which 


were checked The method illustrated in Fig. 4 pro- 


vided an additional check when used in connection 
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with Method No. 1. Method No. 3 was desi 
the author to provide automatic recording at 
points of a casting and as a check on Metho 
lL herefore, the use of Methods | and 8 are res; 
for the records committed to the various grap 
referred to. 
Method 1 (1 ig. | 
of the casting by frequent measurements | 


, Involves following the mo 


fixed points outside the mold and rods held 
metal of the casting. Whenever practicable, t 
ture was associated with the volume changes 

bed is chosen to describe the principles of the « 
applied. A cross-sectional elevation, K, and ty 


sections of the longitudinal elevation, M, ars 


in Fig. 1. 


MeFhod Adebted to Ascertom the 
Volume Ch anges wm Cast tron che "ng 


the Cooling Down from the Port 
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Fig. 1 Method used for ascertaining volume « 
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Fig. 2A (left)}—Method of obtaining additional 
matic record of movement of casting. Fig. 2B 


Example ot record Using method shown 171 ] 


Lhe test procedure is as follows: During the 
ming of the molds, heavy weights, F, (Fig 
located soundly below the floor level, outside t 
of the pattern, at a suitable distance (in this ey 
> ft.). Wrought-iron tubes, C, 2 ft. 8 in. in 
are also positioned and rammed around with 1 
of the mold. The tubes are placed with ends 
1 in. of the vertical faces of the casting and the 
site ends about 4 in. away from the machined \ 
face of the weights, F. Four tubes are located 
end of the mold, two Opposite the heavy sli 
and two 2 in. from the top face of the mold 
tube is fixed opposite the vertical walls of the « 


Chere are, thus, eight tubes to hold eight rods 





















he withdrawal of the pattern and the 
operations, the molds are broken through to 
nd it} wrought iron rods, A, aré pushed 

» within about 3 in. of the face of the 

it each end of the mold About | 
made jagged, to hold fast to the metal of 
penetrates into the mold cavity The 
ends, which have been ground perfectly flat, 
nd with crossed center-iines scribed on a pol 

ction of the weight Opposite see Fic. 1, ] 

ices between the ends ol the tubes and the 
ice are well sealed and secured by ramming 
ound the rods, now leaving, as before stated, 
ls of the rods protruding into the mold cavity 


ripped by the metal of the casting 


ii 


before pouring the casting, careful measuré 


ire taken, by inside micrometers, of the gap 
n the ends of the rods. and the centers marked 
weights. Provision is made to begin taking 


ements within 3 min. after pouring the mold 


ré¢ ording met han Avis 


In the cas 


illustrated 
proceed al 
the measurements 
lor ; rther 5 to 6 
6 hr., every 3 hr tor 24 
four times daily until contraction 
total contraction is shown by thx 1 distance 
between the taces, P, of the rods na ©. of 
the weights, F, less the original gal lin is bDelore 
pouring the casting Lhe sum of the net nension at 
each end equals contraction 

lhe alterations between the points QM, P, indicate 
with a closing of the gap, expansion, and, with 
widening of the gap, contraction. [he records of 
movement of the casting, with associated times, at 
plotted on 21 iphs Ihe earlv behavior of the casting 
Is expressed in minutes and the complete movement 
in hours. 

\ line, zero, on the graphs identifies the condition 
of the molten metal in the mold. The penetration of 
the curves below the zero line indicates expansion 


bevond the size ol the mold. Above the zero lin the 
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further volume 

Note is taken 
of the CX pasion ot the test rods clue to absorption ol 
heat casting. Lhe 
of the checked at 


class and length of rod is heated to a similar tempera 


curves register contraction and any 


such arrests. 


change, as EXpansion oO} 


thre Variations 


from temperature 


rods are intervals. Later, the same 


ture as obtained during the cooling of the casting. 
The length of the rod, cold, as against the rod heated 
to the particular temperature experienced, gives the 


the can 


movements ol 


extension of rod, which must be 

the the 
A turther adjustment is needed in castings 
On total an 
the difference 


amount ol 
celled 


recorded. 


from early casting as 


which are cambered. the contraction, 


allowance is made for in length that a 


curved line will give when straightened out. 

Ihe possibility of employing a metal with a low 
cocthcient of expansion instead of mild steel rods was 
An alloy of nickel and iron, ol 


invar-metal, tried but it 


conside red necessary. 
similat was 


was abandoned because the temperatures to be con 


COMpoOsttlon to 


tended with went behind the range at which the alloy 
reactions caused a cancellation of volume increase. 

It was that the 
embrittled, resulting in partial fracture at the junc- 


also found alloy test rod became 


rod entered the metal of the casting, 
This failure 


| ture where the 
} indicating intercrystalline failure. would 
be due to subjecting the nickel alloy to high tempera- 


ture of the face of the molten cast iron of the casting. 


Volume changes of the cored boring bar 


Fig. f 
shown in Fig. 5. 
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invar and similar allo 


I he 


that, while steel expands and contracts norma! 


peculiarities ol 


special alloy shows little or no volume increas 
a restricted and comparatively low range of t 





ture. [his range of temperature appears to corr 
with the magnetic transformation period, wl 
complete at about 328 F (220 C), depending up 


the volume « 


transtormation. |} 


composition of the alloy. ‘Thus 





is neutralized by the magnetic 





lower and higher temperatures both expansior 





contraction are experi need. 





the 
upon to 


It was, theretore, decided to revert to 


mild steel rods, which could be relied 


the consistency of a regular expansion rate, acco 






to the temperature gradient, which could be ide1 
and allowed for when committing figures to the « 
of the graph. 

The sketch 
adopted:—A, 


(Fig. 2) illustrates the 


B, rod tube: C, rod for recor 
ing movements ol D, socket 
the black lead pencil, E, which is welded to the rod ( 
slide, attached the rod, C: G 
weight, fastened to the rod, C; H, baseplate; I, slid 
way for slide, F; ], recording paper, gummed to 
baseplate, H; K, the weight for measuring the vai 

tions in the gap, L; L, 


second scl 





casting; 
the casting; holder fo 


to 


FE, lead pencil; F, 









gap which discloses expansi 

papel 
The movements of the casting were recorded by th: 
When the pencil moves awa 






and contraction movements as described in the 






pencil on the paper. 





aul 


from the mold an expansion is recorded, and 






towards the mold, contraction. Since the pencil must 





traverse a section of the penciled line more than onc 






however, because of the expansion and contractior 














Stanoaro Contraction 5,875 = 100] 
AcTUAL CoNTRACTION 5.400 = X97 
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the changes could be detected only by 


Ot 


hy\ 
DY 


tl 


Fig 
thor 
th 
is CX 
, i 
¢ ial 
influ 


Was « 


the penciled line, along with the atten 
the person recording the times ot the 
le paper on which the measuring scale 
\n example of a record so obtained 1s 
2B 


| outlined Was used on several occasions 


general method of following the volume 


le Y 


plained in Fig. 1. 

lustrates the automatic recording mech 
ly designed to take care of extraneous 
neces and to provide a check on Method 
ilmost universally applied. As described 


in Fig. 3, the instrument consists of auto 


ock recording mechanism housed in a strong 


ads ste 


el casing welded to a substantial steel 


d stress annealed. The pencil holder is shown 


im at 


Lhe 


of the 
wr rod, 
» 29 
and 
vemen 
down 
stricted 
r ol he 
is alse 


1 air lir 


out 

il to ret 
raction a 
Cs it¢ selec 
boring 

Il erindin 


tons, and s 


attached to the indicator rod, L, which 
tached by welding to the water-cooled 
indicator rod, Q, on the casting, S, side 
to the water cooled pipe N Ihe short 
indicator rod, v, Is we lded to the main 
Q, after locating it in the lug, R, of the 
1e path of movement ts indicated by the 
, again, the position XX before the cast 
t during contraction and ZZ on the final 
of the casting. The diameter of the rod 
at the juncture Q,V, to reduce the 
at from casting to indicator rod. ‘This 
» cooled by a stream of air from a com 


1¢ 


Selected Earlier Tests 


lining more recent research it will be 
er to previous studies? on the subject of 
nd distortion. Two outstanding exam 
ted, illustrated in Figs. 4 and 5, a ma 
bar, 47 ft. in length, weight 19 tons, and 
e machine bed, 41 ft.-6 in. length, weight 


hown in Figs. 6 and 7?. 


Cored Boring Bar 


99 


\ test, applied to a cored boring bar, 22 in. in 


iumeter and 


mfirmed the 


= 


17 ft. in length, and weighing 19 tons, 


tests applied to an 18 in. solid bai made 


Cored boring bar weighing 19 tons 


103290 


} } 


previously Figure tf SnOWwS the design and dimensions 


ot the bar, and the cooling behavior of th casting DY 


the curves plotted on the graphs, the casting is shown 


in Fig. 5. The composition of the metal is set out in 
Fig. 4. The hours’ curve shows thi completion of the 
cooling process ol the casting After cooling down to 
atmospheric temperature the total contraction of the 
casting was 5,400 thousandths against 5.875 thou 
sandths for the standard allowanc Contraction 
equaled 91.9 per cent ol standard allowance 1 hie 
casting had taken up 4 per cent of its contraction in 


lO davs 


Test on Long Bed Castings 


Figures 6 and 7 illustrat the cooling behavior of a 
1] {t.-6 in. length bed casting tor a roll—grinding ma 
chine The design and dimensions of the bed are 
outlined by the inset in Fig. 7. A cross-sectional el 
vation of the bed, across the points, AA, of the portion 
of the longitudinal elevation, L, is shown at I 

Ihe casting is poured in the reverse position to 
that which is shown in the sketches, Fie. 7, with the 
slideways on the bottom face of the mold. The cool 
ing behavior is followed and checked, as previously 
described. In this case, however, tour curves were 
formed. All allowances have been made in the curves 
for the expansion of the rods due to heating, and also 
for the curvature of the casting consequent upon the 
camber necessary to produce a straight casting. Cam 
ber Is required downwards (in the center as poured 
and sideways (in the center) in the direction indicated 
by the arrow, K, in Fig. 7 

The early volume changes of the casting are ex 
pressed in minutes in the graph, Fig 6, and the com 
plete movements, in hours, are shown in Fig. 7. The 
letters A, B, C, and D identify the curves taken of 
the cooling casting, on the lines indicated by A, B, ¢ 
and D in the sketch E, Fig. 7. ‘The line of contraction, 
\, carries the heaviest mass of the casting — the vee 
slideway Ihe line, B, holds the flat slideway, being 
the second heaviest line of contraction. The line, C, 
influenced by the additional metal at H, thereby takes 
the third position in order of mass influence, and D 
lightest, most quickly cooled and contracting lin 

The standard contraction allowance for a 41 {t.-6 in 
casting is 5,188 thousandths. The actual final contrac 


tion of the bed 1s as follows 
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Fig. 7—Completed cooling behavior of the 
grinding machine bed. 
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\. 4,978 thousands, which is 96.0 per cent of the 
standard allowance. 

B. 4,904 thousandths, which is 84.6 per cent of the 
standard allowance. 

C. 4,251 thousandths, which is 82.0 per cent of the 
standard allowance. 

LD) 1,182 thousandths, which is 81.0 per cent of the 
standard allowance. 

Average contraction is 87.4 per cent of the standard 
allowance. Between the lowest contraction of D and 
the highest contraction of A there is a.difference of 
796 thousandths. A, C side has contracted an average 
of 72 thousandths more than B, D side. A (bottom 
heavv vee slidewavs) has contracted 74 thousandths 
more than B (bottom flat slideway). A, bottom, has 
contracted 727 thousands more than C, top. B, bot- 
tom, has contracted 722 thousandths more than D, 


top. Lhe average contraction of A,B, (bottor 


over C,D (top face) is 725 thousandths. 


Camber Allowances 


These varied contractions, recorded on th 
extremes of the castings, confirm the cambei 
ances needed to counteract distortion due to | 
fering heat gradients and hindrance, by des 
free contraction. ‘The camber allowance, dow) 


was 234 in. which must be associated with the 


contraction of 725 thousandths of A,B (botto1 
over C,D (top face). The lateral camber requi 
on the A.C (heavy side) was 54 in. This alk 
must be associated with an excess contractio! 
thousandths of the A,C side over the contra 


the opposite side, B,D. 
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mm ba ist absorbed by the denseners is retained by the densener 
to slow up the rate of cooling at a later pe riod 
\dverting to the arrests in the cooling curves, it 
is possible that the influences, when cooling has 
thout the heavy lacing, H, on the ie & side it Is reached a stage when a considerable difference in con 
ssary to allow approximately 14 in. mor cambei traction stress is upon the casting, cause a seemingly 
\ (heavy vee slideway) line than on the B (flat late arrest which is not actually due to an expansion 
vay) line The influence of the heavy side facing, but mav be attributed to distortion of the casting 
is to reduce slightly the downward camber, but 
eate, along with the heavy vee bottom slideway, Cooling Behavior of Simple Bar Castings 


distortion if not counteracted by cambei 
he graphs shown in Figs. 8, 9, 10 and 10A, illus 


trate the cooling behavior of large uniform section 


1c 


will be noted, on close examination of the cool ' 
. bars in gray iron and white iron. Figures 8 and 9 
curves, that B (bottom flat slideway) contracted 
. ‘ indicate the thermal reactions ot gray iron and Figs 
htly ahead of C (top with side facing) and then 
; 10 and 1OA, white tron. The analysis of the gray iron 
falls behind to take its place in order of mass 
bars is similar to the metal of a roll grinding machine 
ng This mav be due to the early effect of the 
. bed, Fig 11, to be described later 
eners, on the B slideway, and the acceleration of . ;, 
, Ihe dimensions of the bars are as follows 

ooling rate immediately after solidification of the 


The ( (top side), however, is influenced by a 
facing, carrying nearly as much metal as B 
m) which is also densened. Since the side facing 


jected to a sharper cooling rate by virtue of its 


ird position in the mold, cooling and contraction 


bsequently, more rapid than B, which is located 


bottom of the mold. Again, much of the heat 0.09 
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Fig. 9—Thermal history of simple gray tron bay Roll Grinding Machine Bed 

castings of increasing section. , : 7 

The roll grinding machine bed, illustrated in Fig 

11 presents more than the average problem if a satis 

factory casting is to be obtained. It will be noted, |! 
Dante I—ARRESTS AND EXPANSIONS DURING COOLING ;, “ - . 

reference to Figs. 12 and 13, that the four slideways 


Minutes after Pouring) p : 
\, B, C and D vary in section compared with 





Grav lron White lron ; : 

other and against the vertical walls and plated 
in 6 in ) in oO in ‘ ° 
between the slideways. Further, the bed is st 


First arrest 5 10 to 55 14 to 100 Not detected 
Second * ‘ 100-145 180-300 240-340 330 slight 
Third 190-22 290-295 370-430 Not detected 1S poured with the slideway face down in the 


which introduces another complication. The cast! 





with metal of the following analysis:—T.C., 3.2 
° . 6: P. 0.62: (0.78: 09 

Comparative Amount and Rate of Contraction 1.46; P, 0.62; Mn, 0.78; S, 0.09. 
[The principal complications of the design 


Gray Tron fi ; 
|. The great difhculty in selecting a metal 1 


Rate of Contraction Lotal Contraction 
1 in. ©” St: arc ‘ 
Hours - 1000 - ‘ tandard structure and freedom from local porosity abou 
114 in. bar in 70 5,704 100.4 


3 in. bar in 120 3.630 96.8 


will produce the necessary close-grained wear-Tres! 


hot spots on the slideway surface. Such a metal 1 
: yee ag would suit the metallurgical requirements of the 
6 in. bar in 165 S472 9=.6 wav would create a hard brittle metal in the 
White Iron sections of the casting, increasing the danger ol 

in. bar in’ 80 6,524 3 sive distortion and fracture. Hence a densening 

in. bar in 155 6,286 83. nique is applied to the comparatively heavy slid 
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IU Thermal history of simple white iron 


bar castings. 


tting the use of a grade of metal which favors 
iron structure in the light sections of the cast 


[his may be considered as a compromise so fal 


tal is concerned. 


[he varying sections of the slideways demands 
x counterbalancing cambers. 


5. The diftering depths of the bed introduce the 
need for varying camber allowances 


t. Differing rates of heat transfer from the central 
areas of the lower face of the casting, as poured, will 
inevitably, create stressed material due to strain set up 
by the heat gradient and the consequent distortion 
and, possibly fractures. It will be noted on examining 
the sketch, Fig. 12, that the slideways B, and C, are of 
more massive section than A and D. Without much 
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Fig. 11—Roll grinding machine bed. 
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4 the preventative measures, gained empirically, the 
casting would be a very unstable mass of cast iron 


ind could, very well, result in a destructive fracture. 
[he probable lines of fracture can be forecast. 

With castings similar to Fig. 11 it had previously 
been necessary to counter distortion to the extent of 
a concave camber allowance on the line of the slide 
Ways as follows: 

A—1.35; B—1.50; C—1.25; D—1.18, 


imlicating very conflicting stresses in the casting. 


Air Cooled Slideways 


Such conditions referred to in the foregoing notes 
compelled the author to resort to stress relieving the 
casting during cooling down from solidification while 
till in the mold. This was successfully accomplished 
oy introducing air cooling of the central areas of the 
‘wo middle slideways, B and C. 








It was calculated, from observations and a simpl 
test casting, that bending from distortion would be 
reduced from between 30 to 40 per cent of previous 
requirements and that the casting would have so much 
stress relief as to remove all danger of destructive 
fractures and subsequent creep changes after full ma 
chining operations. The following table, shows a 
comparison of the experienced, re-calculated and act 
ual cambering introduced on the length of each 
slideway. 


Paste 2—CAMBER ALLOWANCES 





Inches 


Previously allowed 


Calculated on air cooling 


Actual recorded—air cooled 
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lemperature of exhaust airy admitted to au 


cooling system. 


9 


Ihe system of air cooling, as illustrated in Figs. 12 
and 13, show that air pipes are located (during the 
mold building) longitudinally, below the surfaces of 
the two middle slideways, B and C, and extend for 
12 ft. of the central areas which normally constitut 
the most slowly cooled areas of the casting. [he inlet 
outlet are located at right angles to the 


and pipes 


slideway coolants. 

It will be noted that the air pipes are in immediate 
contact with the metal of the denseners (high con 
ductivity). Within 5 min. of the cease pouring opera 
tion air is admitted to the air-cooling system. The ex 
haust air temperature was checked at intervals and 
recorded on the graph (Fig. 14). Recordings of an 
temperatures were suspended after 212 hr. 

Ihe thermal behavior of the roll grinding machine 
bed casting, with air cooled slideways, is shown in 
Figs. 15 to 18. It will be noted that the movement of 
the casting was checked at 16 points, four on the lowe 
face of the casting and four on the upper face, at each 


end of the casting as sketched in the inset Fig. 15 and 


16. The movements were followed by 
lined in Fig. | that the 
mechanism, illustrated in Fig. 3, 
of the casting at the point D. 

confirmed the records obtained at the opposit 


except automatic rec 
The automat 


the casting on the same line of slideway. 


\n attempt was made to correlate temperatur 
the transformation points during the cooling « 


iron and to register bending moments and the « 
stress periods, This was only partially successiu 


In view of its limited practical application, 


the set-u) 


rr 


was used at on 


cl 


decided to check the temperature at only four cent 


points on the outward and accessible lines, A 
on the lower face and E and H on the upper 
the casting. A portable pyrometer was emplo\ 
thermocouples being inserted in holes arranged 
sides of the slideways, A and D and in the s 
the base reinforced flange, sections E and H. |! 
of careful sealing of the thermocouple guid 
leading to the face of the casting a considera 
in recording the temperatures was experienced 
a number of false readings, it was found neces 
allow a soaking time of 15 min. with each 1 
taken. The temperature readings, therefore, 
be correct to within 50 C. It may be stated, h 
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Fig. 17 (below) and Fig. 18 (above)—Thermal behavior 
of roll grinding machine bed casting with air cooled 


slideway S. 


that with the subsequent care exercised in repeating 
the conditions ol checking that the records are com 
parative over the period of observation. An examina 
tion of the graphs Figs. 15 and 18 indicate a numbet 
of critical points during the cooling of the casting. 

\t periods varying trom 10 to 15 min. after pouring, 
on the line A, an expansion is detected lasting for 
about 3 hr., on B tor 334 hr., C tor 4 hr. and D 31% hr. 
\ second outstanding transformation period will be 
noted ranging on the various lines from 18 to 30 hr. 
In 32 to 40 hr. A and D lines indicate a third critical 
chanee. In 42 to 46 hr., B shows a third arrest, but 
the line C did not indicate any very clear change. 

Following the curves for the lines E, F, G and H 
arrests occur 1n 10 min, to 21 ° hr. Second arrests show 
very clearly in from 14 to 26 hr. A third change can 
only be slightly detected on the lines G and H in 
between 34 to 46 hr. 

Contraction on the line C (Fig. 15), overtakes and 
exceeds D at about 146 hr. B reaches A and exceeds 
it in 160 In 

\t about 88 hr. the line G (Fig. 16), crosses H and 
it continues to exceed it in contraction until final 
cooling. After 116 hr. the line F crosses E and con 
tinues to exceed it in contraction until final cooling. 

It is interesting to examine the approximate temper 
atures recorded and indicated on the graphs, Figs 
15 and 16 

The records of the final contractions on the eight 
lines show that the thicker sections on the lines A, B, 
C and D exceed that of the less massive and more 
rapidly cooled areas on the lines E, F, G, and H. 

Figures 19 and 20 show a comparison of curves be 


tween the bed air cooled and a previous record taken 


700 800 


900 4000 


of a casting without air cooling on the 


00 


line ( 


air-cooled bed is seen to cool and contract much n 


rapidly than the bed not air cooled. 


Large Test Castings 


o2 


Figures 21, 22 and 23 illustrate a series of test cas 


designed to provide further precise information 


respect to the influence of contrasting depths and 


tions on contraction and distortion. |] 


B, C, 


Figure 21 shows a plan of the test casting and cross 
sectional elevations are indicated in Figs. 21, 2° 
f the castings 


92 
a 8 


varied 


varied at 4 in., 8 


he 


as 


metal on the 


at J, K, and 


TABLE 3 


in., and 12 in. 


bottom face o 
The upper 


Test RESULTS 


} 
| 


he depths 


respective 


»9 


face varied 


, 





Depth 
4 in. 


\ B ., 


0.05 0.05 0.02 


De pth 


8 in. 


1 B C 


0.03 0.01 0.46 


1,254 1,247 1,246 


1,249 





TABLE 4 


Test RESULTS 





De pth 
4 in 


B Je 


OOS 002 


De pth 


Rin 


\ B C 


Nil .O0O1 0.10 


1,250 1,249 1,246 


1,248 
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) and Fig. 20 (below) Comparison of 
ves between the bed air cooled and 


without al? cooling. 


in Fig. 23 at M and N and on one side wall 
ntihed by D, E and F. 
inalysis of the metal, at 1.C. 3.31, $12.13, P 0.70, 
and § 0.10, showed a carbon and silicon con 
ranged to vield a metal structure as might be 
d in more massive castings with lower percent 
the two elements. The results of the tests are 
in Lables 3 and 4. 
influence of the added metal to one of the 
walls of the castings, shown at D, E and F, 
ire as follows: 
mcave sideways 0.30, E—concave sideways 2.20, 
ave sideways 0.05 
now be clear that the heavier sections of the 
casting referred to contract last and, in taking 
shorter length, bend the weaker members of 
ng, but the resistance offered by the shape of 


the casting in turn restricts the shortening of the 
thick members which bends inward—thus the thick 
membet becomes CONCAVE The amount ol bend we 
may now convert to camber required a bending in 
the Opposit direction 
\s a check on contraction, two test bars, 10 ft. in 
length were poured in metal of similar analysis as 
used for the test castings, Fig. 21, 22 and 23, with the 
following recorded: 
10 ft. x 6 in. x 1% in. contraction 1,410 thousands 
parts | in 
10 ft. x 6 in. x 1 in. contraction 1,385 thousands 
parts I in 
It is shown that contraction in the cored castings, 


outlined in Figs. 21, 22 and 23, is hindered when com 


pared with the simple bar castings which have mor 


freedom to contract 
Camber Graph 


The camber graph, Fig. 24, has been designed to 
serve a large range of castings within the classification 


of beds, bedplates, tables and similar castings The 
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SECTIONAL LLEKATIONS 





Fig. 21 (above) and Fig. 22 


(below )—Test castings de 
signed to provide further information on influence of 
contrasting depths and sections on contraction and 


distortion. 
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information 


23 Test castings desi 


on influence 


one dto proi 


the) 
de pths 


de 


contrastin 


fu? 
of 


and sections on contraction and distortion 








the four-slideway machine tool bed, illus 


Fig. 


camber requirements will vary little if the casting 


> 


ple of 


in 25, is taken as the basis of the graph. 


two- or three-slideway bed so long as there is a 


casting. 
9] 


generalizations 


sponding reduction in the width of the 


the data obtained from the test castings, Figs. 
with the 

1S possible to employ the 
the 
ol 


istings as poured. 


nd 25, is studied, along 


mber, it graph, Fig. 24, 
needed for 
the 


culate cambet castings carrying 


ments metal on lower ol upper faces of 


ill be noted that the graph is arranged in two 
Che left-hand take care the 


and vertical sectional thicknesses of the casting 
he right-hand division the depths and camber 


divisions of 


ms. 


The 


inal 


graph is based on the main vertical longitud 
ot 1.0 to 1.1 
(as poured) carrying m¢ tal sections equivalent to 


wall section in in and the lowe 


laces 
between 250 to 300 per cent of the vertical sections 
0 to the ol 


casting, Any reduc 


trom cent ol area 


of the 
vertical 


and 
the 


covering pel 


bottom face as poured, 
Increase 


the 


wall section calls for 
thickening 


an 
ol 
a corresponding reduction in camber 


tion in the 


in camber allowances and a wall 
sections require 
allowances. . 
Ihe curves on the graph are plotted from informa 
ot 
The 


and the graph is work 


tion and records obtained from a large variety 


castings produced over a long period vears. 


scattel not wide 
able within very reasonable and safe 


At the 


points were 
limits. 
noted that 


lower end of the scale, it will be 
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Fig. 24—Camber graph. ings there will be adjustments made in the compos 
tion of the metal to suit the main sections. So 
,* when the vertical wall sections reach a similar din 
_ w“ ‘ . , : tay > >» . | 
6 5 - es otra * sion as, say, a slideway the problem of the choi 
erst! a i suitable metal is of easier solution than in the 
f ; i i 2 of the casting shown in Fig. 25. 
i i 
was ba—— — — 
How to Use the Graph 
psdiciemmiicinteaninanietiinin ae wa -_ Example L: Find the camber required for a | 
i Hi  hegeNES i 4 30 ft. in length, 24 in. in depth and with 1.06 
x 7 =m e ° " > ¢ . 
} — rr) vertical wall sections. From X, 30 ft., strike a vert 
| " . e . “ss ° > » 
| f i H | line until it joins the wall section of 1.06 in., from 
- =_——— eae === this point draw a line at right angles until it meets 
Fig. 25—Lathe bed casting. is guided by, the first diagonal camber line and ta 
it down until it joins the vertical line descending trot 
the 24 in. depth point. 
| camber requirements can be progressively ignored as Answer: Camber needed is 0.99 in. 
length diminishes, especially about the shaded areas. Example 2: Find the camber needed for a bed ° 
Camber requirements are not just an automatic ft. x 22 in. x 1.54 in. vertical wall sections. Startin 
increase with an increase in length. An examination at Y, 36 ft. the line ascends to the wall section lin 
of the graph (Fig. 24) will show that there is an accel- 1.54 in., then it crosses to meet the first diagona 
eration in the rate of increase with increasing length. camber line intersecting at the point of 22 in. dept! 
It will be realized that from the thinnest vertical line. 





sectional walled castings to the thickest sectioned cast- Answer: Camber needed is 1.02 in. 
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Generalizations on Camber 


wing additional rules mav be used in con 


itn the cambe1 graph, | lv , 


-. wee 


illowance, other dimensions remaining con 


with an increase In) the leneth OL a 


CasCS 


allowance increases with a reduction in 


tion ot the vertical walls of the casting 


illowances are reduced with an crease in 


{ the casting, without any corresponding in 
Lin leneth 

( ! illowance 1s slightly decreased with a re 

in width 

in the 


vr allowances increase with an increase 


rea on the lower tace ot the casting as poured 


( ver allowances decreases with an increase in the 
irea on the top side of the casting 

( C1 allowances are modified slightly with pou! 
perature, allowances increasing slightly with 


mip ratures 


Steel and Iron Compared 


sketch of 


_9 ft. in diameter, which may be 


°6 shows a a typical gear blank 


made in steel 


iron. The castine consists, essentially, of a boss, 
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Fig. 26—Gear blank casting. 


rms, A, and rim, C, from a study of which it will 
noted that the cooling rates of the members of the 
ng vary considerably. The order of cooling will 
irst the arms, secondly the rim and lastly the boss. 
a combination of sections introduces the hazards 
ictures in the arms and possibly in the rim. The 
in of safety is not always of sufficient magnitude 
oid the occasional defectives which appear when 


variations of design, mold and metal may combine 
to produc a tallure in the castin 

Lhe stresses present lk a vear casting when carrying 
a large heavy boss mav b <plained by an examina 
tion of th sketch bic “bo 1 | tvpe OL tractures Indl 
cated by F, G and H mavy occur in eitl Stecl or cast 
iron castings, but most frequently with cast iron unless 
certain expedients are employed 1] differences in 
behavior of the two metals wou a ippear to be due to 
the constitutional differences in the two alloys. Cas 
Iron Is COMParallve ly brittle and can be much stressed 
from the dual expansion and contraction strains which 
are operating probably simultaneously in the same 


casting Lhe stresses in steel are of more direct o1 
one-way ellect Lhe contraction on the arm, kK, at 
0.4 in. is of a higher percentage to the total contrac 


tion of the casting when made in cast iron than it is 


with a contraction of 0.7 in. with a steel casting 


[he force required to break the arm if cast in gra 


iron, with a section as shown at XX, Fig. 26, will be 
of the order ot 450 tons tensile lo break a steel 
casting of similar section it will require about 1,150 
tons tensile stress Steel will respond to clongation 


Cast iron has little or no property ot elongation It 


will be realized that the contraction stresses are of a 


high order in such cases reterred to 


lhe etlective streneth and elasticity of steel results 
in a flattening of the rim opposite the arm end as 
indicated at |] in Fig. 26 instead of a fracture, in this 


case the arm has had sufficient streneth to pull in the 


rim to accommodate its contraction. In a 9-ft. diam 
eter blank casting this flattening may exceed 14 in, in 
depth from the radius line. Subsequent stress anneal 
ing stabilizes this distortion of the shape of the casting 
is insufficient 


With cast iron the strength of the arm 


to bend the rim to accommodate its contraction if the 
heat gradient contrasts as stated in the example 

The royal remedy to casting stresses lies in desien 
accommodation to not only favor an equalization of 
to sult 


casting section but also to favor a cooling rate 


mold. Failing such accom 
D, Fig. 26, 


boss immediately after solidifica 


the heat gradients in the 
modation, it is necessary to bare the bore, 
and the faces of the 
tion so that it may cool and contract slightly in ad 


the The 


would boss, arms and lastly 


vance of arms and rim. safe order of 


contraction be: the rim 
\ split boss, as indicated at S, Fig. 26, may be intro 
convenience, but it is very 


duced as a mechanical 


welcome to the foundryman since it relieves him of 


the contraction hazards referred to. 


Conclusion 


it may be deduced from the information submitted 
that in 


of varied cooling gradients, the thicker members of 


gray iron castings of contrasting sections, or 
the castings referred to contract by a greater percent 
age than the thinner members of it. If, however, the 
same contrasting sections are cast as simple uniform 
and separate items, contraction is in line with stand 
ard allowance—that a thin section of gray iron con 
thicker the 
analysis, because of the more rapid freezing of the 
lighter section and the effect on the grain size and 


graphite formation. 


tracts more than a section for same 





In the case of a casting carrying thick and thin 
Sections, the thin, ol comparatively light sections, are 
subjected to an extensional stress during cooling of 
the metal, created by the resistance of the thicke: 
sections which are not yet contracting, indeed, they 
may be actually expanding. ‘The trictional resistance 
of the mold and cores, and the expansion of the cores 
on being heated by the molten metal, will also tend 
to subject the cooling metal to extensional stress. A 
study of the very clear arrest and expansion periods 
noted on the cooling curves, especially those of the 
heavy and large boring bar, indicates that a thick 
section of a casting may be undergoing an expansion 
at a time when a thinner section has passed its expan 
sion phase and is in a state of contracting. Under 
these conditions the thin sections will suffer exten 
sional stress 

Conversely, the thicker sections will be subjected to 
a compressional stress by the effort of the earlier 
cooled members to contract. Finally, the heavy sec 
tions, on cooling, must take up a shorter length by 
bending certain parts of the casting, or by fracture in 
the weakened or most highly stressed sections. 

The introduction of air cooling to accelerate the 
cooling rate of the zones of the casting with a high 
heat content is of obvious benefit in reduce ing stresses 
and the camber allowances. ‘This innovation is ex- 
tensible to a variety of castings which present unusual 
and contrasting heat gradients. 

While it is difhcult to provide universal camber 
standards, the camber graph illustrated in Fig. 24, 
with the accompanying qualifying notes, provide a 
basis for the solution of many camber problems. 

It is noted that while steel may have a greater con 
traction than cast iron its greater tensile strength and 
plasticity will result in reducing the hazards of destruc 
tive fractures in the type of castings referred to in the 


fore POINe no¢res 
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DISCUSSION 


Chairman Scuun, U. S. Pipe & Foundry Corp., Bur 


lington, N 
( Chair 

York 
CO-CHAIRMAN SEFING When one reads a papel like 

can occur in castings, | wonder how 


G. Serine, International Nickel Co., New 


this re 


garding the stresses that 
we can ever get a casting true to pattern or one that is not 
cracked This study by Mr. Longden is a very useful one be 


cause we all have problems of getting castings that are not dis 


torted and that have not torn themselves apart 
J. T. MacKenzie: * What is meant by “plated surface”? 


Mr. Loncpen: The term refers to the working or sliding sur 


face of the casting. It usually carries a heavier section than 


the vertical walls of the casting, therefore, I refer to the plated 


area as that surtace 
Co-CHAIRMAN SEFING: 


he thinks that the camber chart, Fig. 24, could 
10 tons. Could vou, 


I should like to ask the author whether 
be used for a 
lathe casting, savy, 20 ft long, weighing 
from the design of the casting, predetermine the camber merely 


from this chart? 


Ame ul ist Tron Pipe Sirmingham, Ala 


CONTRACTION AND DISTORTION IN GRAY [RON ( 


LONGDEN: Yes 
ts ol lathe beds 
CO-CHAIRMAN SEFID does not meat 


are better off with regard to reducing resi 


Nir LONGDEN No . 2 < matter ot counte i 


theretore 
e loundrymen 
ont them 
\ir. LONGDES Yes 
CO-CHAIRMAN SEFING¢ Would you sav tha 
temperatures could be used as a means to 
i casting to tollow vour papel t! 


NY increasing the pou 
I 


LONGDEN Yes, definitely so. In large castings 

cooling is comparatively slow the pouring t 
e metal is not so influential as with a thin « 
ealize but it has certainly a very great effe 


ount distortion. Castings poured at a loy 


bend more than these poured at high tet 
high 


of the accommodating time of the i ten 


surrounding mold and the slower rate of co« 
istings, undoubtedly, vou can get verv mucl 
trom metal poured at a low temperature and also 
tractures 
\I EMBER Have any measurements been taken of tl 
n the actual mold dimensions starting with the or 
fore pouring, down through the solidification stag 
bly, on a long casting such as shown in the paper 
be quite a change in the length of the actual mold 
re contraction or solidification starts 
\Ir LONGDEN Solid hication expansion it the pol 
ictually does press the mold face back behind 
r a short time the mold is actually slight 
before pouring The indicator or recording 1 
casting is larger than the original mold rt} 
is to test the movement of the casting 
is what we have concerned ourselves with in a 
mold The construction of the sand surface we 
verv good guide, indeed, to test the change in the size 
f the mold 
\IE MBER You do not feel, then, that it would 


hile to correlate, let us sav, the ram density of the 


he rigidity of the mold with the casting section and 


ing effect upon the mold to make a really accurate tes 


Mir. LONGDEN If vou refer to the thermal conduc 
the mold, which is indicated by the density of the 
that is a further study. I think that might be a furthe 
in connection with the behavior of gases also. So fa 
curacy is concerned the tests outlined in the paper | 

rv extended over many vears. The information obt 

accurate in its implications. Air cooling is put 
rv helpful and a chart is presented indicating the 
requirements for an extremely large range of castings 


chart has never before been presented for use by the | 


men. It is the result of much experience in making 


ings referred to and from results of tests named in the 


Co-CHAIRMAN SEFING: Recently some lathe bed casti: 
ning up to 12 ft in length were flame-hardened. The fl 
hardening stresses, of course, were added to the casting 
We found that the amount of distortion on the ways 
kept within the necessary limits by merely using m¢ 
core sand that relieved itself a great deal more. In other 
by changing to much softer cores and being careful tl 


part of the casting was relieved in the sand, we minim 
of the 
Is 


distortion enough so that only a small amount 
hardened surface had to be ground to get it flat 
sensible approach to the problem? 

Mr. Loncpen: I should suggest that bv relieving the 
the cooling down, it would ultimate 


of stresses during 
harder 


slightly in relieving the stresses during flame 
though a hardened surface will inevitably take up 


length and in so doing bend the casting somewhat dey} 


upon the degree o1 depth of hardening 
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R. W. K. Honeyvcombe 


IT Is PROPOSED to limit this paper to a discussion 
illoys of copper containing between 10 and 
nt lead, with or without small percentages 
elements such as tin, silver, nickel and phos 
The majority of the cOppel lead alloys used 
duty bearings fall into this category; however, 
yvs find other applications such as slid valves 


packing, pump liners and seals for retrigera 
mpressors As the term “leaded-bronze” should 
lied strictly to those coppel lead allovs contain 
the more general name ‘coppel lead” will be 

this pape 
( per-lead alloys are reputed to be difficult to cast 
er, many of the difficulties encountered would be 
ated if the facts revealed by a study of the cop 


d equilibrium diagram were clearly appreciated 


Binary Alloys of Copper and Lead 


[he copper-lead equilibrium diagram (Fig. 1) shows 
opper and lead are mutually insoluble in the solid 
ind that the solubility of copper in molten lead 
t appreciable until a temperature of 900 C 1s 
ed. Alloys containing less than 36 per cent lead 
come homogeneous liquids by heating above the 

CD into Area |. However, alloys containing more 

‘6 per cent lead lie within a “miscibility gap,” 

it is, an area in which an emulsion of molten copper 

| lead is formed. This emulsion contains two liquid 
ises—copper-rich and lead-rich. 

When a copper-lead alloy is slowly cooled from the 

uN pl tely molten state, the two metals will se parate, 
ng a coarse mixture of the pure metals. Such an 

illoy” would be of little use. However, when alloys 
ntaining less than 36 per cent lead are rapidly cooled 

m Area 1, globules of lead are trapped in the 

inches of the copper dendrites and at the grain 

indaries of the copper-rich phase, thus producing a 
listribution of lead in copper. It is clear that the 

the rate of cooling, the finer will be the resultant 
ucture, and the greater will be the improvement in 
nical properties. 

Figure 2 (4 and B) shows the structure in a 75 pe 
copper, 2 
water quenching. The water-quenched alloy has 
ich finer lead distribution than the air-cooled 


5 per cent lead alloy after air cooling and 








bourne, Australia. Official exchange paper of the Insti 
\ustralian Foundrymen presented by Wm. Ball, Ji 
*& Sons, Inc., Chicago, Mav 4, 1948 at the 52nd Annual 
\.F.S., Philadelphia 
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\llovs lving within the miscibility 
satistactorils 


| 
homogeneous emulsion 


ad It} molte n coppel 


extent of the 


silver, nickel and sulphur 
tin and zine 


Thus metals such as antimony 





ALLOYS 


ent tin alters the 
lead distribution but has no marked effect on th 
2 ¢ 
ATC 


illoy 


ol 


distribution of 
can be Imp ved by vigorous stirring, also by raising 


Jap 


ill 


etlect 


elements fall into 
Lap 
cap to widen 


various elements can be 


ana 
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widening the miscibility gap, will increase the difficulty 
of dispr rsing a high percentage ot lead It) the coppel 
rich phase, whereas metals such as nickel and silvei 
will facilitate the dispersion of lead by narrowing the 
miscibility gap 

B. Effect on Microstructure Lhe loregoing’ two 
classes of eclements also have dissimilar etlects on the 
microstructures of copper-lead alloys. The metallo 
graphic method used by the author and details of the 
metallography ol COppel lead allovs have been de 
scribe d Ise whe rt 

Both nickel and silver, when added to a copper-lead 
accentuat¢ 
the semicontinuous network of the lead surrounding 


alloy even in small amounts (I per cent 


the copper dendrites. Phis typ of structure is shown 
in Fig. 4 (A and By which are sections of a coppel 
iead bearing, the first being parallel to the direction 
of growth of she coppel dendrites on solidification, 
whereas the latter is at right angles 

Figure t thus emphasizes a fact often overlooked: 
namely, that the structure as seen in a polished speci 
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nen varies with the direction of the section as 
of the preferred direction in which solidifica 
curs. In the microexamination of bearings it is 

ly 


larly important to remember this fact. 


Addition of tin to coppel lead illovs resu 
breaking up of the semicontinuous lead net 
form a more or less globular distribution of 
\s the tin content of the allovs is raised, the 
comes increasingly globular in habit. When 
content exceeds 8 per cent, the familiar alp] 


constituent of copper-tin allovs appears and ca 


increase in hardness. In general, the addition 
to copper-lead alloys eliminates stringers of lea 
eates which often occur when the lead is pres 
network outlining the copper dendrites. 

( Effect on Dispersion of Lead The effect o 
metals on the segregation of lead in copper-lead 
has been extensively studied. A summary of 
investigations has been made by Bassett I} 
sults can be more or less svstematized if it is 1 


bered that the effect of an element on the mis 





a a «. 





Fig. 2—Photomicrographs showing structures; A—copper-lead alloy (25 per 
cent lead ) air cooled; B copper-lead alloy (25 per cent lead) water quence hed; 
C—copper-lead-tin alloy (25 per cent lead, 2 per cent tin) air ¢ ooled; D—copper- 
lead-tin alloy (25 per cent lead, 2 per cent tin) water quenched. X 150. 
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termine to a large deeree its influence on 


cic 
of lead In coppel lin is the most familia 





hese elements 


tin has a beneficial effect on the micro 
if the alloys, it limits the percentage of lead 
be taken into solution at high temperatures 
ical of the metals which widen the miscibility 


sher the percentage of tin, the more limited 
region over which miscibility ts possible at 


ratures. 


Tin Content—Casting Temperature 

Xpt riments wert carried out* to dete rmine 

of casting temperature and tin content on 
ition of lead in a coppel lead alloy (25 per 
Charges containing 0, 1, 4, 8 and 12 pel 

he remainder being 25 per cent lead plus cop 

put into small steel cylinders (6x2 in.) and 


ant electri furnace at constant té np rature 








n. They were then withdrawn carefully witl 
tation and water quenched. The cylinders wer 
ed and one half was polished in each case to 
the extent of solution of the lead. The re 


summarized in Table |] 








it a temperature of 1300 C only partial solu 





lead occurred when the tin content exceeded 
ent. In general, the higher the tin content 1. As the tin content of an alloy is increased, the 
difficult it was to bring the lead into solution 


temperature (o pouring (not necessarily the 
wld be emphasized that the conditions of the 


pouring temperature) should also be increased 


iment compared unfavorably with practice as no 2. Allovs containing high percentages of tin cannot 
pt was made to stir or disturb the molten alloy be expected to retain a high percentage of lead as a 
y way. However, similar results were obtained fine distribution at room temperature 
chemical analyses of castings. Table 2 shows ». Accurate temperature control is essential 


the actual composition of the copper-rich por !. Agitation of the melt 
of a series of castings and the nominal composi On the othe 
of the alloy charge. ‘The divergence of the lead 


is desirable 

hand, elements which tend to clos 
the miscibility gap will promote the solution of lead 
in copper at high temperatures High-lead alloys con 
taining up to 30 per cent silver can be readily cast 


entages at high tin contents is quite evident 


following general conclusions can be drawn 
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Fig. 4—Microstructures of an alloy containing approximately 25 per cent lead 


and 1 per cent silver: A—section parallel to direction of growth of coppe) den 


drites; B—section at right angles to direction of growth of coppe) dendrites. 250 











With such alloys up to 50 per cent lead can be uni 
formly dispersed. ‘Thus, if a very high lead content is 
required, a metal which narrows the miscibility gap, 
e.g., nickel or silver, should be added 

However, this means of producing a fine distribution 
of lead in copper has some disadvantages. First, the 
fine semicontinuous lead network produced has an 
adverse effect on the physical properties of the alloy, 
and second microsegregation readily occurs. Lead 
tends to segregat between coppel dendrites in the 
form of long stringers parallel to the direction of 
solidification 

It is thus obvious that there are two causes of lead 
segregation in coppet lead alloys: 

|. ““Macrosegregation” due to lead which is not dis 
solved in the molten copper at high temperaturs 

2. “Microsegregation” due to the coarseness of the 
lead precipitated from the copper on cooling. This 
may occur as isolated globules or as dendritic stringers. 


It might be more accurate to define the segregation 
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described in as primary segregation of | 
cause it occurs as a result of the lead not 901 
pletely into solution. Segregation of the seco 
could then be described as secondary seerTregat 
segregation of lead precipitated from solution 
per on cooling 

It is thus not strictly accurate to say that an ; 
element reduces segregation, for in reduci 
amount of microsegregation it may quite well i 
the amount of macrosegregation. Furthermore 
only be said that an alloying element tends to 
macrosegregation as variations in casting te 
and cooling rate after casting may completely eli 
the defect. 

D. Use of Deoxidants—It is general practice 
small percentages of certain elements such as 
phorus as deoxidants. Actually, addition of a 
as 0.05 per cent phosphorus is ample to efficier 
oxidize copper lead alloys, although much high 
centages of phosphorus often are recomme nded 








cent tin. Lead is present as discrete globules. C 
small globules. The copper-rich solution is cored and a small amount of the alpha- 
delta eutectoid is present. D—15 per cent tin. There ts only a small percentage of 
lead present as small globules. Alpha-delta eutectoid has greatly increased. 250. 


Fig. 5—Microstructures of copper-lead alloys containing increasing percentages of tin. 


1—0.8 per cent tin. The inter-de ndritic lead network ts partly broken up. B—4.0 per 
9.0 per cent tin. Lead occurs as 
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Copper-Lead Layer at Bearing 
Alloy Bond 


Bearing Bond Steel Bearing 
Alloy Alloy 


y) } , , , 

Fig. 6 {—Bond between steel and a copper-lead alloy conta g nt phosphe 

shou ing fhe tormation ota thi R brittle. lave? fa pe red section . Cross section 
l 


, , ; 
a typical copper-lead aircratt ECngire Dearing. The lead is present a 1 fini semicontinuo 


itl is 


, , , , ’ 
networr., css. © Cross section of a copper-lead bearin srowin marked lead se 
il s S £ 


tion 75. D Failure Of acoppe) le ad hearing showed marked lead se egation 


~ 








nds that lead segregation is minimized and a fine! is rendered weak and brittle because of the formation 
cture obtained. It is the firm opinion of the author of a phosphorus-rich layer on the surface of the steel 
at high percentages (i.e., 0.1 to 1 per cent) of phos [his layer can be clearly seen under the microscope 


orus should be avoided. Lead segregation can be (Fig. 6 A) and adversely affects bonding test results 


iY 


inated and a suitable structure obtained without In the light of the foregoing it is possible to formu 
need to resort to large additions of phosphorus. late some general rules to apply to the casting of 
Fven small quantities have a very detrimental effect copper-lead alloys. During melting it is essential to 
he thermal and electrical conductivities of coppet ensure the complete solution of the lead in the copper 
id alloys, a fact which should severely limit the uss [To accomplish complete solution the alloy must be 
phosphorus in alloys to be used for bearings where heated to a high temperature, 1200-1300 C, although 
thermal conductivity is a desirable property. The not necessarily poured from this temperature range 
nce of more than 0.2 per cent of phosphorus is Ihe maximum temperature (to which the alloy is 
cularly undesirable if the alloy is to be bonded raised) during the melting should depend on: (a) the 
steel backing, as in car and airplane main bearings. alloying elements present; and (b) the lead content. 
has been shown * that the bonding of the copper In melting alloys containing high percentages of tin 
illoy may be unsatisfactory if the phosphorus con- and lead, it is advisable to heat to 1250-1500 C prior 
£ the alloy approaches 0.5 per cent. The bond to pouring, whereas in alloys containing silver, it need 














6? 
Paste |—Errvcr oF TEMPERATURE ON SOLUTION OI 
LEAD IN CopperR-TIn ALLoys 
Alloy lemperat ire of A \ 
Comp th 
per cent Ti 1100 ¢ 1200 C 1300 ¢ 
0 | i partially Practically all ( ple { 
lution lead ins it 
l Lead partially Partial s t Practically 
solutior plete tio 
} Much lead Much lead Part S it 
undissolved undiss« lved f lead 
S Most lead Much lead Partial solutior 
indi solved indissolved of lead 
12 Most lead Most lead Partial solut 
ndissolved ndissolved of lead 
not be necessary to heat above 1150 C. If the lead con 
tent of the alloy exceeds 30 per cent, then special 


precautions should be taken to ensure maximum dis 
the temperature of the alloy 


persion of the lead, « ?.. 


should be raised and the melt stirred vigorously. 


lremperature of pouring is not necessarily the maxi 


Coprrer-LFAp 
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taining 25 per cent lead and 2 per cent tin. | 


shows the hardness and tensiie strengths of tl 
ferent coppel lead alloys which were cast am 
quenched in the same way as are many bearir 
ines, thus producing a fine structure. 

[he effect of increasing tin content on a s¢ 
copper-lead alloys containing nominally 25 p 


the hardness. On th 


hand, the addition of small percentages (2-5 pe 


lead is to steadily increase 


of silver to a coppe lead alloy results in littl 


n hardne SS. 
Thermal properties of the allovs are import 


bearing applications where the rapid conduct 
heat from the bearing surface is important. In « 
lead allovs the coppel rich phase is a good cond 
however, its thermal conductivity is markedly ri 
by small quantities of certain elements,’ of which 
phorus has the most pronounced effect. Other el: 
which markedly change the thermal conductivi 
iron, nickel and tin. On the other hand, silvei 
much smaller influence on the thermal properti 





mum temperature reached; in fact, it is usual to allow 
the alloy to cool somewhat after comp!ete solution of 
the lead has been achieved. ‘The pouring temperature 
chosen should be above 1100 C, preferably in the range 
1150-1250 C, for alloys with a high lead content. Un 
less the alloy is to be water quenched, as in the case of 
some bearing castings, the lowest pouring temperature 
compatible with homogeneity of the alloy should be 


chosen as it is very desirable that the alloy solidify 
quickly. Ihe slower the rate of solidification, the 
coarser will be the lead distribution. 


Phe molten alloy should be oxidized vigorously by 
removing the crucible lid and allowing a blast of ain 
to pass over the molten metal for a minute or so. 
Finally, just prior to pouring, deoxidation can be ef 
fected with a ynall amount of phosphor-copper (0.05 
per cent phosphorus in final alloy). This deoxidation 
with phosphor is not absolutely necessary, but it usually 


is saler to use It. 


Alloying Elements—Effect on Physical Properties 


Microstructures ol coppel lead alloys have an im 
portant bearing on their physical properties. “Those 
alloys in which the lead is present as a semicontinuous 
network will obviously have much poorer mechanical 
properties than the alloys in which the lead is present 
as discrete globules. ‘Thus a copper-lead alloy contain 
ing 25 per ce nt lead and one pel cent silver has much 


lower tensile strength and hardness than an alloy con 


Copper-Lead Alloys—Friction and Wear 


Frictional and wear properties of copper-lead a 
are very important as the majority of these alloys a 


used in applications where it is essential that t! 


properties be of a high order, e.g., 
liners, etc. 
is all-important in these applications. 


bearings, slid 


Che presence of lead in the elemental stat 
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CS 











Paste 2—ANALYsSIS OF A [TYPICAL SERIES OF COPPER- 
Leap- Tin ALLoys 
\lloy No 
| 2 3 } 5 6 7 

(Actual Composition, per cent 
Copper 74.7 74.1 74.2 74.1 71.6 74.3 73.2 
Lead 24.6 25.0 24.6 23.4 24.1 16.4 11.5 
Vi 0.31 0.48 O.83 2.1 $1 9.3 15.0 

Nominal Composition, per cent 
Copp 74.75 74.5 74.0 73.0 71.0 67.0 63.0 
Lead 25.0 25.0 25.0 25.0 25.0 25.0 25.0 
lin 0.25 0.50 1.0 2.0 1.0 8.0 12.0 





Paste 5—TypicAL MECHANICAL PROPERTIES OF SoM 
Coprper-LEAD ALLOYS 
I 
I 
Hardness, Sti 
\lloy ead Distribution BHN 
25 per cent lead, Semi-continuous 
balance copper network 31 
25 per cent lead, 1 
per cent silver Semi-continuous 
balance copper network 31 
25 per cent lead, 2 
per cent tin, bal 
ance copper Globules 46 
labor ® have suggested that when copper-lead alloys 


form rubbing surfaces, in the absence of a lubricant 
the surface 


the lead tends to smear ove} 


This thin film of lead acts 


thin film. 
pre ssure 


contacting surlaces. 


It has also been suggested that the good machin 
leaded brasses and bronzes are d 


characteristics of 


to the formation of this lead film on the surface dur! 
cutting. Observations of the machining of coppe! 


as 


( 


and form 


xt 


lubricant and lowers the friction between | 


| 


alloys of high lead content indicate that this is 1 


the case. 


Frequently, the chips produced are | 
gray in appearance, whereas the machined surta 


sesses the characteristic reddish appearance of c 
Phat the gray color of the chips is due to a thi 
film formed as a result of high local temperatui 


be shown by testing with a lead etchant, e.g., hydroge! 


The th 


pe roxide-acetic acid mixture. 


in lead 


fi 


immediately dissolved and the chips assume a re 


The 


appe arance. 


advantage of such a lead fil 


bearings is that it tends to minimize bearing se! 
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Papper 4—Typicart SPECIFICATIONS FOR LEAD BRON7ZFS 
{ tT) t ‘ 
( pe | | / \) \ 
81-85 6.5-7.5 6-8 2-4 
\ 3( RING 15-6 21) O $7 XN kel O50 
77-81 Q-11 Q O7s N O50 he 
\lloy 3D 6-79 65-7.5 14-16 0.75 Ant y 0 s 
Med. Bronze) 69—79 6-8 14-2? 1.25 0.75 f I 
~ B 64—70 6—8 2327 0.75 0.75 ix I 
$ (Allov 3I 67-71 L745 23.9 0.50 N 1.0 S 
n and Tabor ® have shown that the distribu Paster 5—Typicar Coprprr-Leap BEARING ALLOYS Usep 
the lead plays an important role in the fri« IN AIRCRAFT AND Dirset ENGINES 
havior of copper-lead alloys. Those alloys 
ng a more or less continuous lead network 
better frictional properties than the alloys in \lloy 
. N S N ( 
1e lead is globular in habit. In the former type, 


innels of lead provide a continuous supply of 


the rubbing surface, particularly if the bearing 


s verv hot, whereas in the latter case only a 


supply of lead is available at the surface 
thin film 


lver-lead aircraft engine bearings a 


VS a in.) of lead is electroplated on a silver backing 
is very resistant to fatigue and possesses good 
slides | conductivity but lacks good frictional prop 


Phe 


rably 


surltace are 


of the 


frictional properties of the 


enhanced by the presence thin, 
id film 
SOM 


Copper-Lead Alloy Applications 


— Copper-lead alloys of high lead content are used 
pally in applications where good anti-frictional 
ties are required, e.g., in bushings and bearings. 
lloys are sand cast or chill cast, depending on th 

sition of the alloy and the actual application 


(leaded 


The globular habit 


xample, the alloys containing tin 
s) are frequently sand cast. 
lead in this type of alloy minimizes segregation, 
occurs more readily in the alloys in which the 
s present as a semicontinuous network around the 
r crystals. ‘Typical compositions used for bean 


Table 4. 


heavy-duty 


es and bushings are shown in 


The alloys used fon bearings in car, 
sel and airplane engines usually possess a high lead 
ntent (20-30 per cent) and only small quantities of 

r alloying elements. 


lable 5. 


[hese alloys have excellent be aring properties, but 


Dypical compositions are 
wn in 
eir mechanical properties are 
steel shell. 
} . ethods fon producing these bearings have been de 


d During the 


inadequate they 


sually are bonded to a Some overseas 
war, methods were developed 


for the use of manufacturers... ‘The problem 
‘to bond firmly to steel backing a thin layer of cop 
id bearing alloy with a fine structure completely 
rom defects such as lead segregation and shrink 


TOSILYV. 


I ire 6 B shows a typical cross section of an air 
ngine main bearing. The alloy is similar to No 
Table 5; the 


Somewhat coarser structures are quite satis 


red to in lead is visible as a gray 


5 - 


for automobile and diesel engine bearings. 
. 6 C shows an example of bearing lead segrega 





tion which should be avoided in these bearings, as it 
frequently leads to a failure such as is shown in Fig 6D 

Overseas, the technique of handling such copper 
lead alloys has reached a stage of refinement such that 
bonded to a continuous steel strip, 


The 


bearings have 


the allov can be 


either by casting or by sintering resultant struc 


ture is Quite uniform and the been ex 
tensively used in cars and trucks throughout the wat 

In conclusion, it must be emphasized that many of 
the difhculties encountered in the treatment of coppe! 
lead alloys arise from a neglect of the principles out 
these 


lined in the are appreciated and 


foregoing. If 
if such important matters as temperature control and 


overlooked, | 


most coppel lead 
alloys should prove quit amenable to treatment 


cdeoxidation are not 
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DISCUSSION 


Roneck, G 
Jou Haat 


Mention was made 


rhicke 


Ww. Ba 
Vin. Hea 
Min. Baw 


Hence 
l \I 
described 
imilarities 
Mr. Baw forth in the paper 


tices in OUT OWN COUNTS 


] RoAst {1 described in the papel follows the 


Canadian practice very losely I have made several million 


pounds of this copper-lead alloy without tin The author mer 


tions use of not only tin but sulphur as closing the gap between 


solution of tl | and the copper at the hig temperature 
His point is th he closing ot that zap Is a desirable thing 
from one point of view He also mentions that tin tends to 
cause the lear to be | 


obular or spheroidal in form, w 
the use of the tems closing the gap has a tendency 
tribute it around the ditlerent areas ot the coppel 

Ihe temperatures the author uses are similar to the tem 


peratures used in Canada The secret is, in my opinion, as the 


tuthor savs, in using a high melting temperature The pouring 
temperature is something entirely different The author should 
have elaborated on the use of sulphui Ihe reason for using 
sulphur was never clear to me, although that is the only addi 
tion we use to get a thoroughly good mixture or emulsion of 
the lead and the coppel 

\s to the question of tensile streneth, it is of litthe moment 
except in regard to the deformation. I preter the deformation 
limit Phen it becomes a question of designing your bearing s 
that vour detormation limit is not reached Undoubtedly as 
they were successtul, they took care to have sufhicient area of 
bearing to take care of the pressure per square inch. Some en 
gineers like to have a small bearing. Many of them seem t 
ilways want too small a bearing surtace 

I would say that the practices set forth in this paper compare 
with the American and with our Canadian practice 

Mir. Baws Mr. Roast told me that when he makes this alloy 
he drops a little brown paper bag into the molten metal 

Mink. Roast I put the sulphur in a brown paper bag, drop it 
in a red hot crucible, and pour the leaded copper on top, but 


I am not doing it as a secret 
| 


Ihe brown paper bag gives you a 


fractional second to keep the sulphur there so that the metal 


s0es On it. LT never found it satistactory to try to put the sul 


phur in in any other way than dropping it into another pot and 


the copper and lead onto it in that mannet 


pourin 

R. A. CoLron In using the high lead-copper alloys, it has 
been traditional to recommend the use of nickel to prevent 
segregation [his suggestion is common in the technical litera 
ture and vou can find it in many recommendations on analyses 
and handling of this type of alloy. IT would like to know whethe 
} 


there is any basis in tact tor adding nickel to a copper-lead, o1 


a copper-lead-tin alloy to reduce segregation. When you look at 
the constitution diagram of the copper-nickel system and _ find 


complete miscibility across the diagram I wonder whether nickel 


shape 


Deo 


mechan ra chemi 
Min. HALLIWFLI t forms 
Mir. Bate: I 
Mir. HALLIWELI hi o definite intormat 
the chemi aracteristics of the 
ou i expect t to torn 1 cOppel sulphide 
Vir. Roast Here is a pom|l When \ 
c acid, the sulphur comes Up as a 
sulphur whatever that indicates 
\l LON¢ 
There is no ction to 


s recognized in 


I believe the sulphur remains as ¢ 


he aring 
1] in} \ } fin 
S allov. increases cal I ice aoes renin 


ind 


therefore gives a finer lead distribution. Nickel 
help make the lead more soluble We have 
nickel as being helptul for lead distribution 
cept the fact that it refines the grain, and 
weal 
CLA UprHurcrovi Does not the factor of adsorptic 
] } 


j 
1Waed 


element enter into this problem? We are addi 


materials to the melt Anvthing that can intertere 


erowth ot the lead particle once it forms, will he Ip us 
this problem of segregation. I think that is why man 
things which are added to the melts do work out 
CHAIRMAN BRICK There are perhaps some othe 

yond adsorption that could be mentioned. The author 
paper quite properly distinguish between macro and 
regation. Macro segregation would be the separation 
sense; one part of the casting will have 30 per cent 
elsewhere will have only 20 per cent in a really h 


illov bearing 


Micro segregation would refer particularly to the d 
which the lead is separated in the microstructure The 
ince of the author's micrographs is markedly affected by 
the specimen was polished parallel to a dendritic axis 


pendicular. If you polish perpendicular or take a phi 


at a place where you have a perpendicular view of 
dendrites or otf the interdendritic lead filling, thes 
one appearance If you examine it parallel to the 
growth, it will have a different appearance 
Presumably the author, as any microscopist, is c¢ 
honest and selected just the proper view, which real 
sented the entire casting. Apparently the judgment of 
cussors bears out the author on the effect of tin in alte 
distribution of lead. There may be some other ex} 
than the effect of tin on the miscibility gap or the m¢ 
dome in the phase diagram of copper-lead system. Mat 
were at the Institute of Metals Lecture in February 
York and heard Dr. Cyril S. Smith of the Institute « 
of the University of Chicago lecture on the effect ¢ 
tension I am sure the ¢ meepts he invoked there are 
portant in this question of the form of the distributior 
ind the effect of nickel or tin o1 sulphur in relation t 
tribution of the lead. When tin is added to a tern 


there is the effect of tin on the miscibility dome 


H. Kramer 
= = 


* University 








HONEYCOMBE 


must be dissolved in the lead globules I he 
he surtace < S10 ot iquid lead o the niey 
ead and copper dendrites surely must be very 
etel ng the actu nicrographic appearance ol 
< ere! ne stre eth of the ( ny 
VW ‘ i some experienc h the etlec 
r ( ‘ iti ill tiie ead | ( 
‘ OVS cle ( ‘ , 
‘ e7ve couk < on re 
( \ ric s I I 
st? I here ‘ ‘ 
e ¢ ‘ si fied, s ' ‘ 
| ( ( Oce cec/t cre 
cl na e€ ol cres 
. Ret Cr ws a sUCce ful proces 
re n cluding the < r 
( ‘ ( { Cl Ss cf np ( ‘ 
( ( ous cast ss! ‘ 
Wi ( ( ihe tnen l ct DD 
cn | i ct ( ch sce onin tiie iriou 
y ihe microstructure ind also compa 
r rope ( We have tound t he lead « 
Cas oO the continuous cast i on, cl 
CESSES ( that vou might expect Wit 
te that vou get in sand, and this ts ‘ sand 
mse ead dist! utior In chil casttl s I ae 
ou et i so ( hat rect aistt iti ol 
( ead particles In the ce nuous cas 
excellent distribution with fine ead particles 
idied ere the 75-5-20, one ot the most dith 
e toundry 85-5-5-5, &83-7-7-3 and 80-10-10 ill 
! OVS ooks as if the cooling rate in itselt 
{ in the casting, in the bushing, may have as 
( the size and distribution of the lead particles 
el ictol 
BALI \t the beginning of cooling and the forming of 
tes we have the lead filling in. We have had excellent 
these allovs in high pressure Castings 1 would 


80-10-10 and the 85-15 are 
} 


alloys especially the 


fe pressure castings as long as vou do not have heat 


witl if the castings are to be subjected to pressure 
steam valves on a locomotive where the pressures are up 
70 lb steam pressure, you then have a problem in creep 
OVS are pool Nn creep resistance But for room tem 
hey are fine, showing that I do not believe that the 


es fill in on these segregation points 


EASH During the war, we conducted an investigation 
flect of different addition elements on lead distribution 
er-base alloys in order to find a substitute for tin in the 
bronze The alloys were melted in an induction furnace 
cast. In the 80-10-10 bronze, the lead was agglomerated 


ell distributed throughout the matrix; but, in the absence 


ead was distributed in an intergranular formation. The 
of nickel 


n combination 


tended to shorten the intergranular films 


with antimony was particularly benefi 


igglomerating the lead and produced an 


Based upon the 


alloy having 


properties and low wear rate. 





r wear test, it was found that a bronze containing 10 per 


id, 8 per cent nickel and | per cent antimony was 


is good as 80-10-10 in wear. It was necessary 


resisting 


d superheating the melt to obtain the best distribution 
ead 
M. Lorine If the chill is important in influencing the 
e in these alloys, then the method by which the alloy is 
Nick ( B e, N.J 
k I W g dD. 
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ocs tem ye ice lead segreg 
I entirels igT¢ wil Prot. Brick 
( ca puitie cal i 
CHSions as ecentiv Dbech Show 
of Dr. C. S. Smith at Chicago. 8S 
formation OF a continuous netwo! 
between the ead-rict ind coppel 
the tension between copper-rich 


a near globular distribution of 


id 1 ¢«) 


antimony 1s adde the interence 


an Opposit eflect on the surtace 


Mr. Colton holds the view that 


then the distribution of the leac 


mention that in Australia we ha 


ducing copper-lead aircraft engi 


poured into a red-hot 1000 


was 
quenched not in water, but in m 
resulted in rapid solidification of 
to the lead distribution 


perature ol the bath, it was then 


[his two-stage treatment reduced 


Once the 
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iv n s I 
et VM Lone ) \ 
we I tiv ! tre ‘ 
veu mere l th i Thick« 
1 nasi mn s ‘ 
that the etlect of ‘ metals 
CX] tines ( : 2 Pace 
nm very bea ew , 
Vel incl THICKE cm lrage the 
k of lead, because the tension 
rict pi isc’s Ss muct iess than 
grains At the other extrem« 


obtained when tin o 


iments have 


wing that these 
ensions of the two phases 


once the copper has solidified 


is fixed. I agree ind would 
ve employed methods tor pro 
e bearings in which the alloy 
( steel shell which was then 
olten aluminum or lead I his 


the copper without detriment 


casting had attained the tem 


finally cooled in a water spray 


the thermal shock to the cas 


ing and minimized the formation of cracks in the coppel lead 
alloy 

Mr. Loring mentions the chilling produced by pouring copper 
lead alloys on to steel. In our work we were mainly concerned 


in producing steel-backed be arings 
steel shell was heated in molten borax at 


The molten copper lead alloy was 


the borax 
No chilling occurred and on que 
was ob 


water, an excellent bond 


steel 
with Mr. Roast 


1S dealing with be 


and the 

I agree that 
use when one 
sav that most if not all mechani 
use in evaluating bearing alloys 
are perhaps the most useful, but 
relation with mechanical test 
metallurgists would. probably ag 
pudding 


allovs the proot ot the 


thus coming in contact with 


and in the used, the 


L000 ©. tor 


process 


a short time 


then poured in and displaced 


a clean, hot steel surface 


nching the casting in metal or 


tained between the copper-lead 
tensile test results are of Jitth 
arings. I would go so far as to 
al test results are of litile direct 


Frictiona! and wear properties 


these properties have no direct 


Many 


ree that in the case ol bearing 


results cengincel ana 


is in ft 1nip 





INFLUENCE OF CHROMIUM ON 
GRAPHITIZATION OF WHITE CAST IRON 


By 


Gabriel Joly 


PIG IRON and steel scrap that malleable founders 
charge into the melting furnace often contain impuri- 
ties which affect graphitization of the iron during 
annealing. ‘The most frequently occurring impurity 
is chromium. When present in the iron even in small 
percentages, it precludes formation of a normal micro 
structure with standard annealing practice. 

In the present study the author proposes to dete 
mine the annealing cycles necessary to obtain, with 
each chromium content accidentally occurring, an iron 


having ferritic-nodular graphitic structure. 


Chromium Content of Iron Studied 


Ihe base pig iron that the author used had been 
refined in a reverberatory furnace heated by pulver- 
ized coal. its chemical composition was as follows 
C—2.16, Si—1.50, Mn—0.43, S—0.09, P—0.13 and Cr 
0.05 per cent. 

This iron was remelted in a coke-fired crucible 
furnace. Ten consecutive heats were made, and they 
are divided into two groups: 

1. Five heats with chromium additions, and 

2. Five heats with chromium additions to which 
6.002 per cent boron was added to the melt in the form 
of 17-18 per cent ferro-boron. 

Table | gives the chromium content of the ten heats 
made. Chromium was not intentionally added to Heats 
| and 6b. Heats 6b, 7b, 8b, 9b and 10b contain boron. 


* Head of Cast Lron Metallurgy at the Foundry Industry Tech- 
nical Center, Paris, France. 

Official Exchange Paper of The French Foundry Technical 
\ssociation for presentation at the 1948 A.F.A. Annual Meeting 
May 3 in Philadelphia, Pa. Manuscript translated from the 
French. Presented by C. O. Burgess, Technical Director, Gray 
Iron Founders’ Society, Cleveland 


lance 1—CHROMIUM CONTENT OF TEN HEATs POURED 





Heat No. Cr Content, 
per cent 


0.032 
0.082 
0.099 
0.125 
0.130 
0.035 
0.056 
0.086 
0.124 
0.137 





Ihe exact boron content has not been det 
It is about 0.002 per cent. 

[hese ten heats permit not only determina 
annealing cycles when the metal contains sma 
centages of chromium, but also determination 
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ig. 1—Diagrammatic sketch showing dimens 
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of test bars for annealing tests, in mm 








influence of 0.002 per cent boron in the presenc 
chromium. The 0.002 per cent boron addition 

been used because it corresponds to the amount usua 
added in foundry operations.’ 


Dimensions of Test Bars 


Cylindrical test bars, 16 mm in diameter and 110 m: 
in length (Fig. 1) were poured. Each bar had th 
notches which permit breaking into four small bars 
mm in length. Each mold contained 20 cylindrical tes 
bars. Two molds were poured from each of th 
heats of metal. 

Chemical analysis and heat treatment tests wel 
made on test bars from the same heat and from the san 
mold. Seven adjacent test bars from one mold yie! 
28 small bars of 25 mm in length for test purposes 
I'wenty-three bars have been used to develop the 2! 
nealing cycles and five bars for chemical analysis. [hi 
arrangement assures homogeneity of chemical! com 
position of different bars in each heat. This homogen 
ity has been verified by spectrographic analysis 


Annealing Cycles Adopted 


Most annealing furnaces used in France are 
with pulverized coal or coke. The test piece 
placed in annealing pots stac ked four or five high 
furnace. The interspaces between the castings al 












firebrick, sand and other refractory material 

snot adhere to the castings at the anne aling 

ire and which protects the castings from oxi- 
combustion gas and prevents their deform- 
a varpage. 

\ ocedure gives the furnace a great thermal 
Che period of rising temperature for annealing 
uently, quite extended, as is the duration of 
yetween the two stages of graphitization. 
i3uthor hoped that results of the present study 
put to practical use by foundries, he has tried 
ite as much as possible industrial operating 
is. He has therefore adopted the time of 
ure rise (Fig. 2) to the annealing temperature 
descent between the two stages of graphitiza- 

ial respectively to 24 hr and 12 hr. 





























unnealing was carried out in an electric furnace. 
nperature of the first stage of graphitization 
1s C + 10 (1690 F). The temperature of the 
tage of graphitization was 740 C + 7 (1360 F). 
i 
| 
ree 
‘ \ 
~\8 
a > 
24 HR 12 HR) 
| TIME, HR, 
Fig. 2—Diagram of annealing cycle. 
en [ante 2—HEATING TIME OF TeEsT Bars at 920 C 
Ol Order of Removal from Furnace Time at 920 C 
usua Test Bar Identity Hr 
A 21/, 
B 31, 
Cc 4 
D 5 
100 E 61 
F ~ 
tg G 10 
bars « H 1214 
il t I 16 
t! j 20 
K 25 
L $11 
ts W 
he Sa 
lid vie 
ITpOSes laste 3—HEATING TIME OF TEstT Bars at 740 C 
tne 4 Order of Removal from Furnace Time at 740 C, 
[ his lest Bar Identity Hi 
1 com: fr Oe. 7 
M 10 
a) N 1214 
Oo 16 
P 20 
Q 25 
R 31% 
Ss 40 
a T 50 
U 63 
{ Vv 80 
Ww 100 














Taste 4—Time Necrssary For DECOMPOSITION OF 
CARBIDES 





Time for Decom 


Cr Content, First Test Bars Free position of Cal 


Heat No per cent From Cementite bides, Hr 
l 0.032 1 sto 64 
2 0.082 2H 10 to 12 
| 0.099 3] 16 to 20 
{ 0.125 1] 16 to 20 
5 0.130 5K 20 to 25 
6b 0.035 6HbI 61 to 8&8 
7 0.056 7bG 8 to 10 
Rb 0.086 RbH 10 to 12 
9b 0.124 9b] 16 to 20 
10b 0.137 1ObK 20 to 25 





Paste 5—Time NeEcESSARY FOR DECOMPOSITION OF 
PEARLITI 





Time for Decom 


Cr Content, First Test Bars Free position of 


Heat No per cent From Pearlite Pearlite, Hr 
l 0.032 IM Less than 10 
9 0.082 ma | 50 to 63 
3 0.099 s\ 63 to 80 
4 0.125 iW 80 to 100 
5 0.130 SW More than 100 
6b 0.035 6bM Less than 10 
7b 0.056 7bN 10 to 12 
8b 0.086 8bO 20 to 25 
Ob 0.124 9bT 40 to 50 

10b 0.137 1ObW 80 to 100 





The test bars (16 mm in diameter and 25 mm in 


length) were packed in extra siliceous white sand in 
iron tubes 40 mm in diameter and 400 mm in length 
The tubes were carefully luted at each end with re 
fractory clay to avoid air seepage. Each tube contained 
a test bar from each of the ten heats studied 

\ baffle constructed of refractory bricks had been 
placed at each side of the annealing furnace and the 
packed tubes were placed on the hearth in the center 
of the furnace Thus temperature differences which 
would be present in the immediate vicinity of heating 


elements were avoided. 


Time Cycle of Two Stages of Graphitization 

lime intervals for each of the two temperatures of 

graphitization have been arranged according to a sen 

sitive exponential law. Therefore, after the tempera- 

ture of 920 C had been reached, the first 12 tubes were 

removed successively from the furnace at the end of the 
time intervals shown in Table 2. 

After holding the furnace temperature for $114 hr 
at 920 C (1690 F) it was dropped to 740 C (1360 F) in 
12 hr. After this temperature had been reached the last 
11 tubes were removed from the furnace at time inter 
vals shown in Table 3. 

As the test bars were removed from the furnace their 
microstructure was studied to determine the decom- 
position time of cementite and of pearlite. The 
influence of chromium and boron on the dimensions 
of graphite nodules was also studied. 

Table 4 indicates time necessary for decomposition 
of the carbides. Table 5 indicates time necessary for 
decomposition of the pearlite. Table 6 indicates diam- 
eter of graphite nodules and the mean number of 
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nodules pei sq mm. The photomicrographs at 150 X hr. When the chromium content reaches 0.06 to 0.07 

Figs. 3 to 12) show the microstructure of the test bars pel cent the test pieces contain pe arlite lo overcome 

this inconvenience it would be necessary to prolong an 

Conclusions nealing to 100-hr or even 120-hr duration in the second 

From examination of the results herein presented stage of graphitization to obtain a normal structure 

e author draws the following conclusions: even when the chromium content reaches 0.12 per cent 

Influence of chromium on the.two stages of graphi 2. Action of boron in presence of « hromium on dura 

tron of malleable black-heart tron. Chromium re- tion of both stages of graphitization. Boron in per 

s the rate of decomposition of cementrte during the centages less than 0.002 per cent added to the molten 

stage of graphitization as well as the rate of decom- metal before pouring does not influence the rate ol 

position of pearlite Its retarding action is not as decomposition of carbides in the first stage of graphi 

fective in the first stage of graphitization as in the tization. On the other hand it reduces considerably 

nd stage the time necessary to effect decomposition of pearlit 

Many French foundries experience significant tem The diameter of the nodules of graphjte is reduced 
ture differences between the extreme points in at the same time their number is increased 

furnaces, which lead them to adopt long periods 3. Annealing cycles to adopt when metal contains 

mperature for the first stage of graphitization. chromium. When boron has not been added to the 

time is at least 40 hr. ‘The presence of chromium melt prior to pouring it Is necessary to ann al as shown 

t therefore a hindrance inasmuch as di composition in Table 7 to overcome the undesirable influence of 

lentite is concerned. On the contrary, the dura chromium. 
temperature in the second stage of graphitiza When 0.002 per cent boron has been added to the 
in general, short. In most cases it is less than 60 melt at the time of pouring, the figures of Table 7 
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TABLE 6 






DIAMETER OF 


NODULES PER sQ MM 


NODULES AND NUMBER OIF 









Heat No. 












~ of PO 





or 






6b 
7b 
8b 
9b 
10b 









Mean Dia. of 
Graphite No. of 
Cr Content, Test Bar Nodules in Nodules 


per cent Identity 
0.032 IM 
0.082 2t 
0.099 8V 
0.125 +W 
0.130 5W 
0.035 6bM 
0.056 7bN 
0.086 8bO 
0.124 9bT 
0.137 1lObW 


mm 


0.08 
0.13 
0.10 
0.10 
0.15 
0.05 
0.06 
0.07 
0.06 
0.06 


per sq mm 


26 
16 
20 
16 
1] 
99 
29 
28 
37 









TABLE 7 
STAGES ¢ 






Time OF GRAPHITIZATION DURING BOTH 
»F ANNEALING FOR IRON WirHoUT BORON 










0.03 
0 06 
0.08 
0.10 
0.12 











Cr Content, 


per cent 


Time at 920 C, 
Hr 


1214 
16 
20 
25 


30 


rime at 740 C, 
Hr 


10 

45 

65 

80 

100 
More than 100 





} . 0.14 






TABLE 8 
STAGES OF 






TIME 


OF GRAPHITIZATION 
ANNEALING FOR IRON WitH 0.002% Boron 


DurRING BOTH 












0.03 
0.06 
0.08 
0.10 
0.12 
0.14 









per ce 


Cr Content, 


nt 


rime at 920 C 
Hr 


/ 


1214 
16 
20 
or 


ad 


30 


Time at 740 C, 
Hr 


10 
15 
30 
40 
50 
100 
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pp. 107, 222 









can be modified to «¢ 


isdale, 


April 


in the following: 


Reference 


“Boron in Malleable 
1945). 


a Silicon content of white cast iron, 
b. Annealing temperature, 
c. Manganese content in relation to sulphur, 
d. Carbon content, 

e. Furnace atmosphere, 
f. Degree of superheating of metal before pouring, 
g. Rate of cooling after pouring, 
h. Source of the pig iron. 


Iror 


5 


onform to those shown in Table 8. 

These annealing cycles hold only for the foundry 
that the author studied and for the temperatures that 
he has chosen for the two stages of graphitization. They 
are not applicable if one modifies the factors that 
affect rate of malleabilization, some of which are noted 


[he preceding results can be useful to foundries 
melting and refining a different metal. They should, 
when their first composition contains chromium, guard 
against its retarding action by the addition of boron 
at the time of pouring and in prolony 
the second stage of graphitization. 


ing sufficiently 


1,” The Foundry, 
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DISCUSSION 


Chairman W. D. McMirtan, McCormick Ws 


tional Harvester Co., Chicago 


Co-Chairman WwW B. McFerrin Electro Metal 
Detroit 

N. F. Tispave:*? I have had considerable correspor 
a pe riod of three years on this subject. I do not ent 
with the author when he says that boron does not 
first stage of graphitization because we do get a s 
Our main difference in working with the author 
remelted in the crucible. He took a synthetic iron, 
started out from iron originally poured from the f 

In regard to annealing time, he has given a factor 
in comparing those irons with and without boron 

We did not say originally that 0.002 per cent bor¢ 
figure. We tried to explain that we work it ac 
chromium content, and today the only time a recom 
of 0.002 per cent boron is given is when the chromiu 
exceeds the amount which the author has shown as 
cent. Most of our additions are listed as 0.001 

In addition to this, in his earlier work the author 
trouble in melting, with his type of melting, so his 
clusions have been varied to put in those exceptir 
ire contained in his paper and we do not have the 
clusions he has. For instance, the annealing temperat 
he used is not exactly the same as common practice. W 
find any relation between annealing time and his fuy 
mosphere, except to reduce the carbon content. W! 
main we are in agreement with the author we have 
some exceptions particularly in his statement that ther 
difference in the first stage of graphitization becausé 
that there is 

F. CoGHLIN, Jr.:* Mr. Tisdale brought out the px 


these facts and figures were based on findings of varying c 
ium contents on a synthetic iron. We have actually don 


work on the problem with our regular run malleab 
Being faced with chromium difficulties from time to 
many other malleable foundries are, the opportunity { 


ning tests in production has presented itself and has reve 
at least a little information. We found in actual practic 
0.086 chromium iron and 1.50 silicon iron, that the tim 
for breaking down the carbides was considerably more 


described in the paper, amounting to approximately 20 |} 


the other hand, decomposition of the pearlite, we found 


quired considerably less time than described, our average 
approximately 10 hr. However, inasmuch as this is a 
iron and ours is not, I cannot account for the effect of 
inhibitors on the comparative findings 


MILTON TILLEY: Our experience checks the author's 


general way, but I cannot say what effect we would fi 
first stage of graphitization since we did not bother 
first stage. On the second stage, we find that the effect 


able up to about the point arrived at by the author and t! 
does not seem to do us any good with the time that we hav 


the critical, which is about 25 hr. I think it might clear 
a little bit if we knew how much was in the metal 
was added. You may add 0.002 per cent boron and 
0.0005 per cent. We should know how much we get 
we talk too much in detail about what the effect is 
Co-CHAIRMAN McFerrin: That is right 
J. H. Lansinc: * I think this paper is very interesting 


ing the effect of chromium and of boron is always inte: 
At the same time I believe we should point out in any dis 


of this sort the possible effect of boron on the physica 
ties, especially on the impact value. A substantial ami 
even some of the amount of boron that have been 


here, at times have an adverse effect on the physical proj 


especially on the impact value of malleable iron. If w 
put in that qualifying statement, some are likely to be 
enthusiastic in the use of too substantial amounts 
for any troubles they may encounter and seriously afl 
impact and other values. 

Mr. TispAce: It depends again on the composition 
malleable iron to start with. There are cases where 
as 0.003 per cent boron has been added without adversé 





1 Molybdenum Corp. of America, Pittsburgh 

2 Albion Malleable Iron Co., Albion, Mich 

3 National Malleable & Steel Castings Co., Cleveland 
* Malleable Founders’ Society, Cleveland 
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i j ee ‘ ed f le produ 1 of dula 
at iclure n ca wilhou he necessi | apt 
i? ea ea é as i r alleable ca n proce Irons 
/ hese nodula iclures are termed nodular cast trons Phe 
f we , eatment of a ou sulphu / ereutecttt 
a iron with cerium shortly before casting. The cerium ts cor 
ene added as muse netal, and functions fi as a desu 
phu ar second as a carbide stabilize With cerium treat 
mer a hie Dbereutectic @ aphi ef is l a and é 
aind ‘ aphite is in a ne patte ele ed » as 
/uUaSi-f } aprliile ] ( pereutle i¢ ? i r »f 
pheruliti le Nodular cast trons with a e grat é 
in the s eru ( ive ained by treatment of the n e? 
mela t Ce r followed b treatment with a graphitizn 
cular rT as fe si on or silicon-manganese irconiun 
Thee process ca be abblied to trons of a wide ange of con 
sition, and examples have been giver fol istrate he ef 
{ sé e ¢ the most important variables Nodula cast twons 
may be produced from a variety of melting units, including the 
upola Extremely good mechanica prope rlies may Ove produced 
MW iow hardness levels Nodular cast trons have properties mid 
vay be een high-duty gray cast irons and malleable cast trons 


RECENT RESEARCH WORK conducted in the labora- 
tories of the British Cast Lron Research Association has 
been devoted, in part, to the investigation of the mech- 
anism of graphite formation in cast iron. Arising from 
this work has been the development of a method (pat 
ents applied for in United States, Great Britain, and 
elsewhere) by which gray cast irons, having nodulat 
graphite structures in the as-cast state, can be obtained 
without the necessity for applying any heat-treatment 
process subsequent to the solidification of the casting 
in the mold. Such irons, which may have all or part of 
their graphite carbon contents in the nodular form, 
have been termed “nodular cast irons.” It is the pu 
pose of this paper to give a short account of this process 
and to illustrate the properties and the typical struc 
tures of the new material. 

Preliminary work leading to this discovery has been 
previously described by Morrogh and Williams * ? and 
recently a detailed account has been given of the devel- 
opment of the process and the theories behind it. 

Ordinary gray cast irons have their graphitic carbon 
distributed through the metallic matrix in the form of 
flakes, the size and shape of which vary considerably 


* British Cast Lron Research Association, Birmingham, England 
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according to composition, cooling rate, method 
melting, ladle treatment, etc. These graphite flak 
interrupt the continuity of the metallic matrix ai 
render the material relatively brittle and non-ducti 
In hypoeutectic cast irons two distinctly different | 
ol graphite flake distribution are possible. 

\ considerable measure of controversy exists 
the nomenclature of these graphite patterns, but 
present author will refer to them as “normal flak 
graphite” for the one variety and as “under 
graphite” tor the other variety. ‘There is substan 
experimental evidence ‘ to indicate that no 
lake graphite is deposited directly from the melt along 
with austenite, and that undercooled graphite for 
alter solidification as the result of the decompositi 
of cementite. 

In malleable cast irons, which are produced by 
annealing of a white cast iron, the graphite carbo 
commonly termed temper carbon, exists in rough 
spheroidal aggregates or nodules. ‘These temper cai 
bon nodules, by virtue of their approximately sph 
oidal shape, do not interrupt the continuity of t 
metallic matrix to the same extent as flake graphit 
and so, if the total carbon content is sufficiently low 
a material or relatively good shock-resistance and du 
tility may be obtained. The author has shown °® that 
two different forms of temper carbon nodule can occu! 
in malleable cast iron according to the composition 0! 
the white iron being annealed. 


Graphite Dispersion Varies 


When the white iron has all its sulphur predon 
inantly in the form of manganese sulphide, each nodul 
in the resulting malleable iron consists of an apparent 
random aggregate of small graphite flakes, the degre: 
of dispersion of which may vary between wide limits 
Lacking a better term, nodules of this type were I 
ferred to as “graphite-flake-aggregate” nodules, ind 
typical example of this structure is shown in Fig 

Nodules of this type are commonly found in bia 
heart malleable cast iron, where! the sulphur 
usually is more or less balanced by the manganes 
tent. However, in European whiteheart malleab 
iron, the manganese is frequently inadequate | 
ance the sulphur and so iron sulphide occurs 
material. Under these conditions the temper ¢ 


















Typical example of graphite flake aggregate” 
n malleable cast tron hai ing sulphur present as 


nese sulphide. Etched in 5 pe cent nital. 300. 





I 2—Spherulitic nodule in malleable iron having 


sulphur present as FeS. Etched in picric acid. 350. 


has a spherulitic structure, a typical example of which 
s illustrated in Fig. 2. Spherulitic nodules are ob- 
ined in nodular cast irons and it is therefore of some 
interest and importance to understand and appreciate 
this graphite structure. 

\t this point it should be observed that these struc- 
tures can be observed only in microspecimens in which 
the graphite itself is polished. A method for accom- 
plishing this has been described, and the special prop- 
erties of graphite which permit the internal structure 


~ 


observed have been discussed in some detail.® 
Spherulitic structures are well known to the mineral- 
Of ind graphite spherulites conform to the general 
structural characteristics common to all other spheru- 
Nodules of graphite having this structure each 
consist of an aggregate of graphite crystallites radiat- 














The closely 
packed basal planes of the graphite crystallites are, in 
general, oriented at right angles to the radii of the 


spheroid Grapl te spherulites tend to be mor per- 


ing from a common center or nucleus 


fectly spheroidal in shape than the flake-aggregat« 
nodules. It is important to reserve the term “spheru 
lite’’ for aggregates having the radial fibre structure as 


Ss 
» 


illustrated in Fig. 2. Subsequently in this paper th 
term will have this connotation only 
Problem and Solution 

It has lone been the view that the mechanical 

properties of gray cast iron could be considerably 

improved if the graphite could be obtained in the 

lo do this would 


at first seem to require an iron which would solidify 


nodular instead of the flake form 


white and subsequently graphitize at some relatively 
low temperature after solidification. This condition 
is partly fulfiiled in irons having undercooled graphit« 
structures—they solidify white and graphitize very 
shortly after solidification. 

Studies of the analogous nickel-carbon and cobalt 
carbon systems enabled the author and his co 
worker, Williams, to predict that it should be possible 
to obtain nodular structures, in cast irons which undet 
cool, by the addition of a carbide stabilizing element 
so that carbide decomposition is retarded 

Furthermore, work on the analogous systems indi 
cated that the element should be a desulphurizer and 
that low sulphur contents were likely to assist in achiev 


ing the desired structure After a somewhat unusual 

method of investigation (which has been described 

elsewhere in detail *) it was found that additions of 

cerium to cast iron of appropriate composition would 

produce spherulitic nodular graphite structures 
Process Developed 

Ihe method which has been deve loped for the pro 
duction of nodular cast irons involves in its simplest 
form the addition and solution of an appropriate 
amount of cerium to a molten cast iron of appropriate 
composition shortly before casting. The principal 
composition requirements for the production of nod- 
ular irons by this process are: 

1. The iron must solidify gray even without the 
cerium addition. 

2. The iron must be of hypereutectic carbon content, 
that is, the carbon content should exceed the value 
1.3 4 (per cent Si + per cent P). When the nickel 
content of an iron exceeds 10 per cent, it need not be 
hypereutectic according to this formula 

3. Silicon content can have any value, but is prefer- 
ably within the range 2.3—7 per cent. 

1. Sulphur content of the metal to be treated should 
be as low as possible, and after treatment should be 
below about 0.015 per cent. 

5. Phosphorus content should not exceed about 0.6 
per cent, and should preferably be below 0.1 per cent. 

6. Manganese, copper, nickel, chromium and molyb- 
denum may be present in any amounts, singly or in any 
combination, provided condition No. | is observed. 

7. After treatment with cerium the solidified castings 
must contain more than a certain minimum amount 
(0.02 per cent) of the element dissolved in the metallic 
matrix. 

Of the foregoing requirements the most important 
from the point of view of the successful use of the pro- 
cess are those covering the carbon and sulphur contents. 
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AND CERIUM-IREATED? Cast IRONS 








Test Transverse Tensile 
Bar Rupture Stress, Deflection, Strength, 
Diam psi in. psi 
eter, W/O With W/O With W/O With 
in. Ce Ce Ce Ce Ce Ce 
1.6 51,500 99 000 0.20 0.32 25,100 55,050 
1.2 64,500 101,500 0.28 0.38 32.050 55,500 
0.875 68,870 105,400 0.18 0.23 37,200 59,550 
0.6 68,900 128,500 0.11 0.22 41.650 69,020 


silicon, 3.05; 


* Analysis of remelted pig iron: total carbon 3.77; 
manganese, 0.73; sulphur, 0.023; phosphorus, 0.039 per cent. 





Ww/( 
Ce 








Impact Compression Shea 
Strength, Strength, Streng 
BHN ft-lb psi psi 
) With W/O With W/O With W/O 
Ce Ce Ce Ce Ce Ce 
186 71,600 127,100 
198 36,500 
199 12 43 
239 115,750 153,000 
2Remelted pig iron with cerium additions: total carb: 79 


silicon, 3.13; manganese, 0.74; sulphur, 0.007; phosphorus 
cerium, 0.040 per cent. 





Ihe influence of cerium in cast iron has been investi- 
gated and discussed in the literature on several previ- 
ous occasions.*-'® Much of this evidence is conflicting, 
but two fairly well-established facts emerge from its 
study—cerium may be a potent carbide stabilizer under 
certain conditions, and when added to sulphur-con- 
taining alloys it is an effective desulphurizer. No 
previous investigators have claimed that nodular struc- 
tures could be produced in cast irons by the addition 
of cerium, and this is understandable because in no 
case have all the composition requirements set out in 
the foregoing been met. 


Cerium in Cast Iron 


As a result of the present author’s work, it has be- 
come apparent that the first major effect of cerium 
when added to molten cast iron is to combine with the 
sulphur to form a cerium-sulphur compound which 
floats to the surface of the metal. This accounts for 
the desulphurizing effect of the element. As long as the 
sulphur content of the metal is above about 0.015 per 
cent this desulphurizing action will take place. Cerium 
is not free to alloy with the metal until the sulphur 
content has reached this low value. The higher the 
sulphur content of the metal, the larger is the amount 
of cerium required to achieve desulphurization, and 
hence to obtain a given amount of cerium not com- 
bined with sulphur dissolved in the metal. 

It is possible that deoxidation also accompanies de- 
sulphurization. At temperatures within the range of 
1200-1600 C desulphurization with cerium proceeds 
quite rapidly, and relatively large quantities of metal 
may be desulphurized by this element in a few seconds. 

After the sulphur content has been reduced to a 
value of about 0.015 per cent, metallic cerium enters 
into solution in the molten cast iron, and this cerium, 
when present in amounts greater than about 0.02 per 
cent, functions as a powerful carbide stabilizer. It is 
this dissolved cerium in excess of 0.02 per cent which 
is the operative factor in the process for the production 
of nodular graphite structures in the as-cast state. 


Cerium Additions to Hypereutectic Cast Irons 


When cerium is added to hypereutectic cast irons, 
and when the final sulphur content is below about 
0.015 per cent and the cerium content of the metal is 
above about 0.02 per cent, all the hypereutectic graph- 
ite is obtained as well-formed spherulites. When the 
silicon content of such an iron is sufficiently high to 
prevent formation of the white iron eutectic, the 
graphite originating from the eutectic complex has an 


appearance resembling that of normal flake graphit 

This flakelike graphite has been termed ‘‘quasi-flak 
graphite” since it may on occasions have the appea 
ance of flake graphite, but forms in a manner quit 
different from that of the normal variety. This diffe; 
ence will become more apparent in later sections 
this paper. 

To illustrate this effect of cerium on hypereutect 
cast irons, the following example may be quoted 
50-lb charge of hematite pig iron of the percentag 
analysis, total carbon, 3.98, silicon, 3.19, manganes 
0.78, sulphur, 0.028, and phosphorus, 0.040, was melte: 
in a crucible furnace and cast, at a temperature of 138 
C, into test bars of four different sizes.* A furthe: 
similar melt was carried out, but in this case a 28-grai 
addition of pure cerium was added to the molten meta 
before casting. Mechanical properties and chemica 
analyses of the two sets of bars are shown in Table 

Microstructures of all the untreated bars show mix 
tures of undercooled and normal flake graphite i 
matrices of ferrite with some pearlite—the amount of 
flake graphite increasing and the amount of pearlit 
decreasing with increasing section size. The micro 
structure of the untreated 1.2-in. bar is shown in Fig. 3 
The treated bars all showed hypereutectic spherulites 
together with quasi-flake graphite in a matrix of fern 
with some pearlite. The structure of the treated 1.2-in 
bar is shown in Fig. 4. 


— 
Solidification of Cerium-Treated Hypereutectic Irons 


The structure shown in Fig. 4 is, judged by previous 
standards, completely novel and, bearing in mind the 
distribution of the graphite, it is easily understandabk: 
that the mechanical properties of the treated material 
are at a distinctly higher level than those of the un 
treated material. It is to be observed in Table | that, 
even with this simple cerium addition to a high carbon 
and relatively high silicon iron, a material is obtained 
which immediately falls into the category of a high- 
duty cast iron. 

Mechanism of solidification of the type of structure 
illustrated in Fig. 4 has been studied and a fairly clear 
picture of the process obtained.* The hypereutectic 
spherulitic nodules form in the melt before solidifica- 
tion of the metallic phases begins. It is not known for 





* The transverse, deflection and tensile figures given in this 
paper for 2.1, 1.6, 1.2, 0.875 and 0.6-in. diameter bars were ob- 
tained op bars cast and tested according to British Standard 
Specification 786/1938; the impact figures were obtained on bars 
tested according to British Standard Specification 1349/1947; the 
$-in. diameter bars were tested in transverse on 18-in. centers 
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ROGH 
whether these graphite spherulites are de- 
directly from the melt or whether they form 
lecomposition of a carbide phase. While the 
itv of the latter has to be considered, it is not 
imagine and it involves a case of extremely 
irbide decomposition. 
remainder of the melt solidifies as a “eutectic” 
re correctly, a binary complex of austenite and 
tite which decomposes shortly after solidification 
the quasi-flake graphite. The presence of the 
utectic spherulites appears to initiate the rapid 
nosition of the “eutectic” cementite after solidi- 
1 of the iron. 
ill be observed in Fig. 4 that the hypereutectic 
es are surrounded in each case by a volume of 
entirely free from the quasi-flake graphite. The 
1 for this becomes apparent when these nodules 
x<amined at a high magnification, when each is 
to have, in addition to the characteristic radial 
ilitic structure, a duplex structure consisting of 
ntral spherulite of nodular graphite surrounded 
peripheral layer of graphite. 
Such a duplex structure is seen in Fig. 5, which shows 
, hypereutectic spherulite in a cerium-treated iron at 


airly high magnification. This micrograph has been 
taken under plane polarized light. The central core of 
this duplex nodule represents the actual hypereutectic 
graphite, and the peripheral layer the graphite arising 
from the decomposition of the surrounding “eutectic” 
cementite which has crystallized onto the hypereutectic 
Chis explains the absence of quasi-flake 
graphite in the vicinity of each nodule in Fig. 4. 

Each hypereutectic nodule appears to have a “sphere 
of influence” within which all further graphite is made 
to crystallize on the existing hypereutectic nucleus. 
This thought provides the clue to the complete de- 
velopment of the cerium process for the production 
of nodular cast irons by which the whole of the 
graphite can be obtained in the nodular form. 

rhis final stage of the process will be described later 
in this paper but, following what has been said so far 
in this section, it will be seen that if the number of 
hypereutectic spherulites in a given volume of metal 


sphe rulite. 


Fig. 3—General structure of untreated remelted pig 
iron, 1.2-in. test bar. Etched in picric acid. 100. 





























Fig. 5 


present in cerium-treated tron. 


Duplex structure of hypereutectic spherulite 


Unetched. 1500. 


could be so increased that all their “spheres of influ- 
ence” overlapped, then all of the graphite should occur 
in the form of duplex spherulitic nodules with a 
further improvement in mechanical properties. A 
preliminary indication of the validity of this latter 
idea is found by studying the structures of centrifugally 
cast cerium-treated cast irons. 

When cerium-treated hypereutectic cast irons are 
centrifugally cast, the hypereutectic spherulites form- 
ing in the liquid are forced to points most distant from 
the mold face, by virtue of their low relative density. 
In the centrifugal casting of cylinder liners, for in- 
stance, a segregation of these nodules is obtained along 
the inner surface of the casting. By this segregation 
the number of hypereutectic nodules is thus artificially 
increased so that their “spheres of influence” overlap. 

Figure 6 shows a typical segregation of these hyper- 
eutectic spherulites near the inner surface of a centrif- 
ugally cast cylinder liner made in a cerium-treated 
hypereutectic cast iron. It will be seen that no quasi- 
flake graphite occurs in the vicinity of this segregation 


Fig. 4—Microstructure of certum-treated remelted pig 


iron, 1.2-in. test bar. Etched in picric acid. 100. 
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At points nearer the mold face containing very few 
hypereutectic nodules, all of the graphite was in the 
form of quasi-flakes, as illustrated in Fig. 7. 

These two micrographs clearly indicate that entirely 
spherulitic nodular graphite structures can be achieved 
by increasing the number of hypereutectic spherulites. 
This ideal structure of spherulitic nodular graphite 
has been obtained by the use of what will be referred 
to later as the “double-treatment process.” 


Adding Cerium to Cast Iron 

In the example already given the cerium was added 
to the molten cast iron in the form of the pure element. 
In this form cerium is a very expensive addition, but it 
can be added in a variety of cheaper forms, among 
which misch metal is perhaps the most convenient. 
Misch metal used by the author has been found to 
contain between 43 and 50 per cent cerium, together 
with the other rare earths and a little iron and man- 
ganese. ‘Ihe presence of these other elements does not 
influence the efficacy of cerium in producing nodulan 
structures in cast irons, and for this purpose they can 
be ignored. 

Misch metal, in pieces of appropriate size, dissolves 
readily in cast irons at all temperatures above 1200 C. 
Its solution in cast iron is not explosive or violent in 
any way. Misch metal has been used as a cerium addi- 
tion in all the remaining examples quoted. 


Cerium Additions—Influence of Amount 

Cerium not combined wath sulphur in cast iron is 
a powerlul carbide stabilizer, and so, for any given 
section size, there is an upper limit of cerium which 
must not be exceeded if white iron structures are to 
be avoided. This remark applies only to the cerium 
content as found by analysis of the solidified casting 
when the sulphur content is not in excess of about 
0.015 per cent. Because of the carbide stabilizing influ- 
ence of cerium its effect can best be studied in relatively 
large sections. 

lo illustrate the effect of increasing additions of 
cerium, 270 lb of a pig iron of the following compo- 
sition was melted in an oil-fired crucible furnace: total 
carbon, 3.79; silicon, 2.80; manganese, 0.53; sulphur, 
0.028, and phosphorus, 0.015 per cent. 

Five test bars, each of 2l-in. length and 3-in. diam- 
eter, were cast in green sand molds. For this, five lots 
of metal each weighing 50 lb were taken from the fur- 
nace. No addition was made to the metal in the first 
ladle, but increasing amounts of misch metal were 
added to the metal in the remaining four ladles. The 
actual additions were: Tap 1—no addition; Tap 2—50 
grams misch metal; Tap 3—65 grams misch metal; Tap 
4—90 grams misch metal; Tap 5—100 grams misch 


TABLE 2—MECHANICAL PROPERTIES AND CERIUM 
ANALYSES 





Transverse 
Rupture Tensile 
Stress, * Deflection,* Strength, Ce, 
psi. in. psi BHN percent 


Bar No 
30,470 0.21 15,000 98 Nil 
85,080 0.21 40,100 167 0.040 

104,100 0.35 50,200 176 0.053 

106,600 0.34 53,800 181 0.072 

115,600 0.42 58,850 179 0.101 


* Tested on 18-in. centers. 
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Fig. 6 Typical segregation of hy pereutectic spheru 
lites at inner surface of centrifugally cast cylinder liner 
(cerium-treated iron). Etched in pre ric acid. <10 





Fig. 7—Centrifugally cast liner. Structure at a point 
distant from inner surface. All graphite is in form of 
quasi-flakes. Etched in picric acid. 100. 


metal. The mechanical properties and cerium analyses 
of these bars are given in Table 2. 

Transverse rupture stress, deflection and _ tensile 
strength show a progressive improvement with increas- 
ing cerium content. The microstructures of these bars 
also showed a progressive change with increasing ce- 
rium content. The untreated bar No. | had coarse 
flake graphite in a matrix of ferrite with some pearlite, 
as is shown in Fig. 8; bar No. 2 had a few hypereutectic 
spherulites with quasi-flake graphite, as illustrated in 
Fig. 9; with increasing amounts of cerium in bars ‘os 
3, 4 and 5 the quasi-flake graphite became more nod: 
ular in appearance until bar No. 5 had the struciure 
shown in Fig. 10. 

That quasi-flake graphite differs from normal 
graphite is made clear when Figs. 8 and 9 are 
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pared, and when the enormous difference in mechani 
cal properties between bars Nos. | and 2 are considered. 
Che relative amounts of ferrite and pearlite did not 
change appreciably with increasing cerium content, 
but in spite of this there was a sharp increase in hard 
ness when the structure changed from the normal to 
the quasi-flake graphite 


Double-Treatment Technique Developed 

Ihe influence of relatively large amounts of cerium 
in causing the aggregation of the quasi-flake graphite 
can be utilized only in relatively large sections. For 
thin sections, alternative methods must be applied to 
obtain anyentirély nodular structure. It was shown 
earlier in this paper that, if the number of hyper 
eutectic nuclei could be increased, all of the graphite 
would occur in sphe rulitic nodular form and the quasi 
flake graphite would be avoided. 

A process for the production of this ideal structure 


vA re 


has now been developed, entailing the addition of a 
graphitizing inoculant simultaneously with, or prefer- 


eas 
‘> 


ably after, the cerium addition. This treatment of the 
molten metal will be referred to as the “double treat- 
ment” process. Suitable graphitizing inoculants have 
been found to be 80 pel cent ferro-silicon, silicon-man 
ganese-zirconium, and calcium silicide, the best reé 

sponse having been obtained with the first and second 
It is important that the inoculant is not added before 
the cerium addition as the success of the ope ration de 
pends upon obtaining the solution of the cerium before 
the inoculant. 

Owing to the extremely rapid rate of solution of 
misch metal in cast iron, this condition may be achieved 
even when the inoculant and misch metal are added 
simultaneously. For the inoculant to have the required 
effect it is necessary to add sufficient, in the case of 
silicon-manganese-zirconium or ferro-silicon, to give a 
definite increase in silicon of not less than about 0.2 

per cent, but no useful purpose is served by using 

amounts giving silicon yields in excess of 0.5 per cent. 

Results given in Table 3 illustrate the effect of add- 

ing varying amounts of 80 per cent ferro-silicon for the 

same addition of misch metal in each case. These 

figures are average values, obtained from four 1.2-in. 

bars cast in each case from 50 Ib of metal treated as 

, follows: Tap 1—70 grams misch metal: Tap 2—70 

point , , . grams misch metal -+- 2 oz 80 per cent ferro-silicon; 

rm of , Tap 3—70 grams misch metal + 4 oz 80 per cent ferro 

Y A silicon; Tap 4—70 grams misch metal -+- 8 oz 80 per 
cent ferro-silicon. 

I'ransverse rupture stress, tensile strength and im- 


alyses 6 BR. : . pact strength show a marked increase with the first 

: » addition of inoculant (compare bars 1 and 2). The 
ensile gree eS ey impact results are particularly striking—these figures 
arcud ' are obtained on a 0.798-in. diameter unnotched test 
> bars , : ; : piece which rarely gives a value in excess of 30 ft-lb 
Soe ' : : for high-duty gray cast iron, and only occasionally a 


— ‘ es, value as high as 50 ft-lb for the acicular gray cast iron. 
lite, ; : : 


Lic 
Fig. 8 (top)—Untreated remelted hematite pig tron 
cast in 3-in. diameter bar. Etched in picric acid. 60. 
Fig. 9 (center)—Remelted pig iron with 0.040 per cent 
Ce, cast in 3-in. diameter bar. Picric acid etch. 60. 


Fig. 10 (bottom )—Remelted hematite with 0.101 per 
cent Ce, cast in 3-in. diameter bar. Picric acid etch. X60. 





TABLI 


NODULAR GRAPHITE IN GRAy Cas 


3—Errect oF 80 Per CENT FERRO-SILICON ADDITIONS 





Composition, per cent 


Mn S P 


0.86 0.005 0.051 


Transverse 
Rupture Defiec- Tensile 
Stress, tion, Strength, 
Ce psi in. psi 


0.040 127,200 0.60 58,200 
0.051 138.000 0.60 71,000 
0.058 138,900 0.60 74,800 
0.061 142,000 0.77 75,700 
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Microstructures of typical bars from these four taps 
are shown in Figs. 11, 12, 13 and 14. The bar from 
Tap 1 (Fig. 11) is seen to have partially aggregated 
quasi-flake graphite; the bar from Tap 2 (Fig. 12) has 
many spherulitic nodules with only a little quasi-flake 
graphite; the bar from Tap 3 (Fig. 13) has an almost 
entirely nodular structure; the bar from Tap 4 (Fig. 
14) has only a little quasi-flake graphite. The matrix 
structure does not differ greatly through this series. 

Similar results can be obtained when the metal is 
treated simultaneously with the cerium addition and 
the inoculant, as is shown by the following example. 
A mixture of 70 grams of misch metal and 6 oz of 
silicon-manganese-zirconium was placed in the bottom 
of a “7H and 60 lb of metal run onto it. Four bottom- 
run |.2-in. bars were cast and their average mechanical 
ital s and the analysis of one bar are: 

Chemical Analysis, per cent 
Total Carbon ; ils mere s oat 
Silicon eed , . 2.96 
Manganese 0.54 
Sulphur 0.010 


Phosphorus 0.033 
0.051 


Cerium Paine ate cae ; 
Mechanical Properties 
Transverse Rupture Stress, psi 
Deflection, in. 0.60 
Tensile Strength, psi i 72,100 
Brinell Hardness Number ............... 241 
Impact Strength, ft-lb ... 71 

The microstructure of one of these bars i is shown in 
Fig. 15, and is seen to have spherulitic nodules with 
only a trace of quasi-flake graphite in a matrix of 
pearlite and ferrite. 

Application of the double treatment process tends to 
offset the carbide stabilizing influence of the cerium 
and hence to reduce the danger of chilling. This effect 
automatically permits the use of higher percentages of 
cerium in the solidified casting, a factor which in addi- 
tion helps to improve the structure of the material. 

To illustrate the reduction in chilling tendency with 
the double treatment technique, the following example 
may be cited. A wedge test piece having the dimen- 
sions of one inch at base, 2 in. from apex to base, and 
6 in. long was cast in a dry sand mold. This wedge was 
fractured transversely and gave a chilled zone approxi- 
mately 34-in. deep. The analysis of this wedge was: 
total carbon, 3.77; silicon, 2.69; manganese, 0.56; sul- 
phur, 0.011; phosphorus, 0.024; and cerium, 0.061 %. 

In this case no double treatment was applied, and 
the white iron structure of the apex of the wedge is 
shown in Fig. 16. Only a trace of hypereutectic graphite 
can be seen. The structure 34-in. from the apex is 
shown in Fig. 17 and, while rather more graphite can 
be seen, the structure still is predominantly white. 

On the other hand, when a similar wedge of the 
composition total carbon, 3.70; silicon, 2.73; manga- 


140,900 


nese, 0.59; sulphur, 0.008; phosphorus, 0.055; and ce. 
rium, 0.061 per cent was cast after the application of 
the double treatment process, it showed no visible chil] 
when fractured. The structure of the apex of this 
wedge is shown in Fig. 18, where only a very smal] 
amount of carbide can be seen. At a point 14-in. from 
the apex only traces of free cementite existed, as js 
shown in Fig. 19. 

It appears that an optimum amount of cerium js 
necessary, even with the double treatment technique 
to cause the structure to be entirely nodular. Whep 
the cerium content is below this value quasi-flake 
graphite may persist in the structure. 
the results given in Table 4, and the structures shown 
in Figs. 20, 21, 22 and 23. Table 4 gives the analyses 
and mechanical properties of two sets of test bars pre. 
pared by treating two 50-lb taps of metal poured from 
the same melt with the following additions: Set 1—40 
grams misch metal followed by 5 oz silicon-manganese- 
zirconium; Set 2—60 grams misch metal followed by 5 
oz silicon-manganese-zirconium. 

Microstructures of the 1.2-in. bars are shown in Figs 
20 and 21, and those of the 0.6-in. bars in Figs. 22 and 
23. The 1.2-in. and 0.6-in. diameter bars of Set 1 clearly 
have some quasi-flake graphite, whereas this form of 
graphite is entirely absent and the structure is wholly 
nodular in the bars from Set 


This is shown by 


Various Examples of Nodular Cast Irons 
Example 1—With silicon contents below about 2.3 
per cent and in the absence of other graphitizing ele- 
ments, the chilling tendency of cerium-treated nodular 
irons, even when the double treatment process is ap- 
plied, is so great that very careful control is necessary 
in order to avoid chilling in sections of less than 34-in 


TABLE 4—ANALYSES AND MECHANICAL PROPERTIES— 
CERIUM AND SILICON-MANGANESE-ZIRCONIUM ADDITIONS 





C omposition, per cent 


, 2 Si Mn S P Ce 
Set 1 3.90 2.96 0.51 0.006 0.624 0.016 
Set 2 3.90 3.10 0.52 0.007 0.023 0 031 





Transverse 
Rupture Deflec Impact 
Stress, tion, strength, 
psi in. BHN ft-lb 


Se t Bar Size, 


104,500 0.51 179 32 
114,100 0.68 189 46 
122,900 0.39 213 76 
142,000 0.35 239 — 


133,900 0.90 190 89 
143,000 1.02 199 >120* 
153,900 0.66 231 >120* 
164,000 0.43 252 — 

* Full capacity of the Izod impact machine used is 120 ! 











~~ 3? » ae oc oe 


s 
s 





l ce 
n of 
chil] 
ft this 
small 
trom 


as 1s 


um is 
nique 
When 
i-flake 
wn Dy 
shown 
ialyses 
S pre- 
| from 
1—40 
anese- 
1 by 5 


1 Figs 
2 and 
learly 
rm of 


vholly 


ut 2.3 
ig ele- 
xdular 
is ap- 
essary 


$/,-1N 


TES— 
[TIONS 


Ce 
» 016 
) 031 


Ios 
ps} 


Fig. 11—General structure of 1.2-in. bar with Ce addi- 
tion (No. 1, Table 3). Etched in picric acid. 100. 


Fig. 12—Microstructure of typical 1.2-in. bar with 
cerium and ferro-silicon addition (No. 2, Table 3). Pic- 
ric acid etch. «100. Note many spherulrtre nodules. 


Fig. 13—Structure of 1.2-in. bar with cerium and ferro- 
silicon addition (No. 3, Table 3) ts almost entirely 
nodular. Etched in picric acid. 100. 


Fig. 14—Photomicrograph of 1.2-n. bar with cerium 
and ferro-silicon addition (No.4, Table 3) shows small 
amount of quast-flake graphite. Picric acid etch. 100. 


Fig. 15—Metal treated simultaneously with misch metal 
and _ silicon-manganese-zirconitum shows spherulitic 
nodules with only a trace of quasi-flake graphite in 
pearlite.and ferrite matrix. Et hed in picric acid. «100. 





NoObDULAR GRAPHITE IN Gray Ca 


Fig. 16—White iron structure at apex of chill wedge Fig. 17—Structure of chill wedge, 3%-1n. from ape 
made from metal treated with cerium alone shows only treated with cerium alone, shows rather more @ 
a trace of hypereutectic graphite. Picric acid etch. 60. but still is predominantly white. Picric acid etch. x 


Fig. 18—Apex of chill wedge, cast from double-treated Fig. 19—Chill wedge structure, Ye-in from apex, ca 
metal, shows only a very small amount of carbide in from double-treated metal, shows presence of o1 


the structure. Etched in picric acid. 60. small amount of free cementite. Picric etch 
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Structure of 1.2-in. bar (No. 1, Table 4) with Fig. 21—Wholly nodular structure of 1.2-in. bar (No. 2, 
ent Ce, produced by double treatment proc Table 4) with 0.031 per cent Ce, produced by double 
yuasi-flake graphite. Picric acid etch. 100. treatment process. Etched in picric acid £100 


Microstructure of 0.6-in. bar (No. 1, Table 4) Fig. 23—Structure of 0.6-in bar (No. 2, Table 4) with 
).016 per cent Ce, double treatment process, shows 0.031 per cent Ce , produced by double treatment proc- 
me quasi-flake graphite. Picric acid etch. 100. ess, shown to be wholly nodular. Picric acid etch. 100. 




















TABLE 5—MECHANICAL PROPERTIES OF DOUBLE 


[TREATED NODULAR IRON 









Transverse 






Rupture Tensile Impact 
sar Size Stress, Deflection, Strength, Strength 
in psi in. psi BHN ft-lb 
1.6 150,900 0.30 89,000 260 88 
1.2 157,000 0.40 79,200 288 9? 
0.875 181,000 0.30 96,500 302 94 

0.6 206,500 0.27 114,000 333 















However, when any deficiency of silicon is com- 
pensated for by the presence of appropriate amounts 
of copper and/or nickel a material of very good me- 
chanical properties can be obtained, even in relatively 
thin sections. An example of this type is illustrated 
by the results given in Table 5, which are taken from 
a double treated nodular iron of the following com- 
position: total carbon, 3.80; silicon, 2.17; manganese, 
0.92; sulphur, 0.015; phosphorus, 0.052; cerium, 0.054; 
and copper, 2.17 per cent. 

Ihe general structure of the 1.6-in bar from this set 
is shown in Fig. 24 to consist of spherulitic nodules 
associated with ferrite in a matrix of pearlite. Figure 
25 shows a spherulitic nodule in the 0.6-in. bar at a 
} high magnification—the radial structure can be clearly 

seen. Occasionally in such samples the duplex struc- 
ture of the nodules is revealed in a quite interesting 
manner. A typical instance of this is shown in Fig. 26, 
which shows a duplex nodule in the 1.6-in. bar. The 
central hypereutectic nucleus can be clearly seen with 
the remainder of the graphite, still in the spherulitic 
form, attached to the nucleus at only a few points. 

Example 2—The double treatment can be applied 
and useful mechanical properties obtained with silicon 
contents as high as 6 per cent. With increasing silicon 
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Fig. 25—Spherulitic nodule at high magnification in 
0.6-in. bar (Table 5) in copper-containing double-treat. 
ed iron. Note radial structure. Picric etch 1250. 






Fig. 26—Photomicrograph showing duplex structure of 
nodule in 1.6-in. bar (Table 5) in copper-containing 
double-treated iron. Etched in picric acid. 500. 
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up to about 5 per cent the transverse rupture strength, juent 
tensile strength and Brinell hardness number do not 
change appreciably, but the shock-resistance drops 
progressively. The following figures, obtained on a 
fairly high silicon iron, illustrate the type of results 

which can be obtained: 

Chemical Analysis—Total carbon, 3.14; silicon, 4.13; . 
manganese, 0.85; sulphur, 0.004; phosphorus, 0.146; | 
cerium, 0.051 per cent. 

Mechanical Properties (1.2-in. diameter bar) — Ob 
Transverse rupture stress, 141,500 psi; deflection, 0.38 rium 
in.; tensile strength, 77,500 psi; Brinell hardness, 234; surfac 
impact strength, 29 ft-lb. Ale 

The microstructure of this sample consisted of sphet- Rup to 
ulitic nodules in a matrix of ferrite with a little peariite,  Berties 










Fig. 24—Structure of 1.6-in. bar (Table 5) in copper 
containing double-treated iron, shows spherulitic "0 
dules in matrix of pearlite. Etched in picric acid. x !00. 
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is is shown in the photomicrograph of Fig. 27 at 100. 
Example 3—The use of cerium for the production of 
nodular cast irons cannot be extended to phosphorus 
ontents in excess of about 0.5 per cent because this 
lement appears to lower the solubility of cerium in 
the melt. At relatively high temperatures (in excess 
{1450 C) the cerium dissolves readily, but on cooling 
t is deposited from the melt at a temperature of about 

80 C in the form of a cerium-rich alloy. 

For instance, 50 lb of a phosphoric pig iron was 
melted in a crucible furnace and treated with 100 
grams Of misch metal when at a temperature of 1470 C. 
[he addition appeared to dissolve readily, but as the 
metal cooled prior to pouring a thick scum developed 
m the surface of the metal. This was skimmed off and 
the rest of the metal poured into test bars. The scum 
ind the test bars gave the following figures on subse- 
quent analysis: 


Composition, per cent 





Scum Metal Poured 
Total Carbon , . 3.35 3.46 
Silicon ot a Pen oe . 2.37 2.61 


Manganese Glens ; ee. 0.84 
Sulphur i sc panda 0.036 


Phosphorus ee a 1.44 
EM ee eee Not detected 


Obviously, there is a considerable segregation of ce- 
rum and sulphur in the material skimmed from the 
surface of the liquid metal. 

Although nodular structures can be obtained with 
up to 0.50 per cent phosphorus, the mechanical prop- 
ties fall off progressively with increasing amounts of 


ig. 23—Photomicrograph showing structure of 1.2-in. 
var (Table 6) in single treatment nodular iron with 
050 per cent phosphorus. Picric acid etch. K 100. 


Fig. 27 Miu ostructure oft nodular iron with / 13 per 


cent silicon content. Et hed in picric ac id. <100. 


this element. The results shown in Table 6 give the 
mechanical properties of a fairly high phosphorus iron 
of the following composition: Total carbon, 3.60; sili- 
con, 2.67; manganese, 0.54; sulphur, 0.007; phosphorus, 
0.50; cerium, 0.031 per cent 

This metal was treated with misch metal alone—the 
double treatment was not applied. The results ob 
tained may therefore be compared with those in Table 
1. The microstructure of the 1|.2-in. bar from this series 
had large hypereutectic spherulites and quasi-flake 
graphite in a matrix of pearlite with phosphide eutec 
tic. This structure is shown in Fig. 28 


High Manganese Irons 

Example 4—Provided that the iron will solidify gray 
before treatment the manganese content of a nodular 
cast iron may have any value. The general effect of 
increasing amounts of manganese is to inhibit the 
formation of ferrite, even with fairly high silicon con 
tents, and ultimately to give entirely pearlitic struc 
tures and, if sufficient of the element is present, to give 
martensitic structures. The results given in Table 7 
show the tensile strength and hardness of two relatively 
high manganese nodular irons produced by the double 
treatment process. These high manganese irons were 
cast in the form of 1.2-in diameter bars. 

Bar No. |, containing 2.01 per cent manganese, had 
a microstructure consisting of uniformly distributed 
spherulitic nodules in a matrix of about 70 per cent 
pearlite and 30 per cent ferrite. The graphite structure 
of bar No. 2 was very similar to that of bar No. I, but 
the matrix in this case was almost entirely pearlitic 
with a small amount of martensite and a little carbide. 
Ihe structure of bar No. 2 is illustrated in Fig. 29. 
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The tensile strength and hardness values of the irons 
are seen to increase as the structure becomes pearlitic. 

Example 5—High manganese nickel-containing aus- 
tenitic irons may be treated with cerium to give nodular 
structures with a considerable improvement in me 
chanical properties. This is illustrated by the results 
given in Table 8, which show the mechanical properties 
of an untreated and a cerium-treated nickel-manganese 
austenitic iron. The double treatment was not applied 
in this case. ‘The untreated material had a structure of 
coarse flake graphite in a matrix of austenite, and the 
treated material had a nodular structure in a similar 


matrix with a little carbide 


Treating Nickel-Containing Irons 

Example 6—When the nickel content of nodular cast 
iron exceeds about 10 per cent it is not necessary for 
the iron to be hypereutectic according to the formula: 
per cent C 1.3 (14 per cent Si + per cent P). 
Therefore the treatment can be readily applied to 
ordinary nickel-containing austenitic irons. In Table 
9 the chemical analyses and mechanical properties of 
treated and untreated nickel-containing iron are given 
for material cast in the form of 0.875-in. diameter test 
bars. The structure of the untreated bar is shown in 
Fig. 50 to consist of undercooled graphite in a matrix 
of austenite, together with a small amount of carbide. 

The structure of the treated bar is illustrated in Fig. 
$1, and is seen to have nodular graphite in a matrix 
of austenite with rather more carbide than the un- 
treated bar. The treated material was, in this case, 
produced by treatment of the melt with misch metal 
alone—the double treatment technique was not em 
ployed. It is apparent that the nodular nickel-contain- 
ing iron has mechanical properties considerably in ex- 
cess of those of the untreated material. 

Example 7—With relatively high sulphur contents 
the yield of cerium depends upon the extent of the 
desulphurization produced by the addition. In such 
cases, if desulphurization by the cerium is allowed to 
take place, the yield of cerium will be low, but it is 
imperative for the success of the process that this de 
sulphurization should occur. 

If desulphurization by the cerium addition is not 
effected, the apparent yield of cerium will be high, 
but this cerium, as found by chemical analysis, will be 
largely combined with the sulphur and hence will not 
operate to produce nodular structures. As an instance 
of the desulphurizing influence of cerium, the figures 
in Table 10 may be quoted for the treatment of cupola- 
melted nickel-containing iron. These figures clearly 
indicate the importance of the cerium not combined 
with the sulphur in determining the graphite structure. 


High Carbon and Low Sulphur 

Example 8—The production of nodular cast irons by 
the process described in this paper presents no special 
metallurgical difficulties with batch-type melting units 
if high-carbon and low-sulphur charges are used. The 
material has been successfully produced in direct- and 
indirect-arc furnaces, high-frequency induction fur- 
naces, crucible furnaces and oil-fired rotary furnaces 





Fig. 29—Microstructure of 1.2-in. bar (No. 2, Table 7) 
produced in double-treated nodular iron with 2.92 per 
cent Mn content. Etched in picric acid. 100. 







TABLE 6—MECHANICAL PROPERTIES OF 0.50 | 





NopuLAR GRAPHITE IN GRaAy Ca 


PHOSPHORUS IRON 





Transverse 


Rupture Tensile 

Bar Size, Stress, Deflection, Strength, 
in. psi in. psi BHN 
1.6 82,500 0.20 43,400 241 
1.2 81,800 0.20 45,300 242 
0.875 94,100 0.14 43,900 256 
0.6 81,300 0.09 40,300 285 





TaBLe 7—H1IGH MANGANESE NODULAR IRo> 





Composition per cent Tensile 
- - — Strength 
No. TC. Si Mn S P Ce psi 


1 3.63 2.91 2.01 0.009 0.044 0.067 72.800 
> 3.51 3.00 2.92 0.017 0.034 0.057 81,100 





TABLE 8—NICKEL-MANGANESE AUSTENITIC 





Transverse 


Rupture Tensile 
Bar Size, Stress, Deflection, Strength, 
in psi in. psi BHN 
1.6 32,300 0.60 11,960 86.8 
1.2 37,000 0.80 13,210 90.7 
0.875 37,600 0.38 15,000 102 
0.6 42,100 0.32 16,350 102 


Untreated: T.C., 3.28; Si, 3.08; Mn, 5.8; S, 0.022: 
Ni, 11.87 per cent 


eA 39.000 


1.6 103,600 1 158 
1.2 105,300 >2 37,400 156 
0.875 106,100 1.60 36,700 172 
0.6 93,200 0.65 35,800 174 
Treated: T.C., 303; Si, 3.16; Mn, 5.9; S, 0.0082 P, 


12.93: Ce, 0.023 per cent 





































-. 2, 


EY MECH 


ANICAL PROPERTIES OF NICKEL- 
CONTAINING IRON 





r.¢ SI 
2 76 2.68 
Transverse 
Rupture 
Stress 


psi 


65,300 
106,500 


Composition 
Mn S % 


0.45 0.027 0.024 
0.007 


I eflec tior 


0.47 


USO 


per cent 


r Cu Ni 
74 6.74 13.24 


Cc 
1 


0.045 
Tensile 
Strengti 
ps! 


27,300 
46.100 





10—DESULPHURIZING INFLUENCE OF CERIUM 





Ce 


, (by Analysis), 
per cent per cent 


0.099 0.066 
0.051 0.071 
0.014 0.063 


Flake graphite 
Flake graphite 


Nodular graphite 





cr 11—MECHANICAL PROPI 


p Cast Iro 


N DESULPHURI 
CARBONATE 


RTIES OF CUPOLA 
ZED WitH SopiuM 





sition: T.C., 3.69; Si, 2.77; Mn, 0.63; S, 0.005; P, 0.045; 
Ce, 0.057 per cent 


] ransvers¢ 
Rupture 
stress, 


psi 
106,000 


142,700 
152,000 


179.500 


Deflection, 
in 


0.51 
2.14 
1.30 
0.95 
O.83 


0.53 


Tensile 
Strength, 
psi 


85.000 


80.400 
76,500 





Fig. 31—Microstructure of 0.875-in. bar in nodular 


- eP 
nickel-containing tron (Table 9). Picri etch. <100. 
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by melting low sulphur (of the order of 0.03 per cent 
sulphur) hematite pig iron and making the appropriate 
additions of cerium in the ladle. 

With the cupola nie lting furnace the production ol 
molten iron suitable for the application of this process 
becomes more difficult and, in general, special precau 
tions need to be taken to ensure that the metal is of 
the correct composition. The production of high-car 
bon or hypereutectic cast irons from the cupola is not 
a difficult matter provided the average carbon content 
of the charge is reasonably high. 

It is, however, contrary to normal practice to aim 
to produce high-carbon material for the purpose of 
making a high-duty cast iron. For many years the 
trend has been in the direction of obtaining lower 
rather than higher carbon contents. 

Desulphurizing in the Ladle 

Production of satisfactory low-sulphur contents pre 
sents much more difficulty. Even when low-sulphur 
charges are used there generally is a sulphur pick-up 
from the coke and the sulphur content of the metal 
tapped will be too high to allow immediate treatment 
with misch metal, and it therefore becomes necessary 
to interpose a preliminary desulphurizing treatment 
of the metal in the ladle. 

If the sulphur content of the metal tapped from the 
cupola is within the range of 0.05-0.08 per cent, it is 
possible to desulphurize the metal to a satisfactory low 
sulphur content by one treatment with sodium carbo 


Fig. 30—Structure of 0.875-in. bar in untreated nickel 
containing tron (Table 9). Picric acid etch. 100. 








Sh 


nate, preferably using a ladle lined with a basic refrac 
tory. With sulphur contents in excess of 0.08 per cent 
the “double ladle” technique of desulphurizing may 
have to be applied. 

Nodular cast irons can be produced from the cupola, 
using the sodium carbonate desulphurizer prior to the 
addition of the misch metal. The mechanical proper- 
ties given in Table 11 illustrate the results which have 
been obtained from a cupola operating under indus 
trial conditions. ‘These results were obtained from test 
bars cast from a cupola run in which the metal was 
tapped directly onto sodium carbonate placed in the 
bottom of the ladle, the slag thickened with limestone 
and skimmed off, and then misch metal and silicon- 
manganese-zirconium added. The microstructure of 
all bars of this set had spherulitic nodular graphite. 


The structure of the 1.2-in. bar is shown in Fig. 32. 


Summary and Conclusions 

Production of nodular graphite structures by the 
process described in this paper represents a new devel- 
opment in the field of the metallurgy of cast iron. The 
past two decades have witnessed the gradual evolution 
of high-duty gray cast iron, particularly in the field 
of castings for the engineering and automobile indus 
tries. This evolution began with the realization of the 
importance of the control of carbon and silicon and 
the relative adjustment of these two elements in cast 
iron. This phase was accompanied by the development 
and application of the hot-mold process and the utiliza- 
tion of high-steel mixtures in cupola practice. 

Next, the inoculation technique was introduced and 
developed to a process of indispensable commercial 
utility. The aim of this technique has been to give 
random flake graphite structures in irons of relatiely 
low carbon and silicon contents and to inhibit and con- 
trol the chilling tendencies of such irons. All of these 
developments have been accompanied by advances in 
the use of special alloying elements, such as chroinium, 
nickel, copper, molybdenum, etc., to strengthen the 
metallic matrix of cast iron. 

These advances have culminated in the production 
of the nickel-molybdenum acicular cast irons which, 
in commercial production, represent a combination of 
most of the earlier developments—acicular irons are es- 
sentially irons with controlled low carbon contents; 
they are usually inoculated and have a combination 
of alloying elements which, after an appropriate heat- 
treatment, confer the maximum strengthening effect 
on the metallic matrix. 

At this point it was reasonable to enquire in what 
direction further developments in cast iron metallurgy 
were likely to lead. For practical foundry reasons there 
appeared to be a lower limit to the carbon content of 
cast iron used under general production conditions. 
The inoculation technique had been developed to a 
state of precise control and no immediate hope could 
be held out that new elements or combinations of ele- 
ments could easily raise the strength of the metallic 
matrix beyond that already achieved (this latter is, 
however, a field which must be continuously and 
painstakingly explored) . 

At this formidable barrier it is to be expected that 
attention should be focused on the possibility of pro- 
ducing nodular graphite structures in cast irons with- 
out the necessity for a heat-treatment application. 
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In the opinion of the author it can now b 
that this development, once seemingly remot 





been demonstrated to be a possibility and, furt 





thata process has been developed which is « 





application on an industrial scale. Nodular ¢ 





produced by the process described in this pap 





readily recognized and differentiated from 





eray or malleable cast irons. 
Nodular graphite structures are usually as 
with malleable cast iron, but it should not be 






that the properties of the nodular cast irons d 





in this paper in any way resemble those of n 





irons. The nodular irons represent a materia 
lies midway between a normal high-duty g 






iron, on the one hand, and malleable cast iron on : 
other. Nodular cast irons still are relatively non-duct 
and brittle, although they may have a shock-resista 
many times better than that of normal gray cas 

In this paper it has been shown that the ip 






nodules in nodular cast irons are of the spherulit 





variety. In studying features of this type erron 





conclusions may be reached unless the metallograp| 





aspect of the work is conducted with great care. | 





present author and his colleagues have discussed | 





formation of graphite spherulites more fully on pr 





ous occasions, references to which have been gi\ 
Ihe spherulitic form of graphite nodule is proba! 
more commonly known in Europe than in the Unit 
States because the manufacture of whiteheart ma 
able iron is mainly conducted in Europe. Nevertheles 
the author would like to draw attention to this int 
esting form of graphite crystallization which forms | 









Fig. 32—Microstructure of 1.2-in. bar (Table 11 
cupola-melted double-treated iron, shows spherulit 
nodular graphite. Etched in picric acid. 60. 


































ROGH 


ipon which her present process for the produc 
ydulan graphite in cast irons has been built 
this paper a new graphite arrangement has 
nized and described as “quasi-flake graph 
is form of graphite does not weaken the iron 
extent as ordinary flake graphite, and may 
an important structural constituent in some 
irons 
tempt has been made to deal with the heat 
t or with the special mechanical properties of 
ast irons. These will form the subject of fu 
rs . Nevertheless, it can be stated that nodula 
in be subjected to all the usual forms of heat 
nt, without influencing the graphite structure, 
purpose of obtaining special effects. Nodular 
ns mav also be alloyed with elements such as 
im, nickel, copper, molybdenum, etc., to ob 
ecial strength effects in the metallic matrix. 
ir cast irons may be run and cast in a variety 


tions, but problems relating to porosity and 


are no greater than those inherent in the pro 
1 of normal gray cast iron. 
mpossible at this stage to predict the future of 
iy cast iron, but the possibility exists of the mat 
ving an important part in the field of enginee1 
nd related applications where high strengths are 
red, and redesign to take advantage of these 
»ths may be an important factor in the economy 
xdular cast irons. The field has now been revealed 
ther and more convenient processes may be de 
d to achieve the same end, but it is fairly safe 
sume that any alternative process will still demand 
h degree of technical skill and control in the pro 


ing iron founder. 
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DISCUSSION 


Cha i MacKenzie, Ame 
Birmingham li 

Co-Chairma) W. W. Levi, Lynchl 
ford, Va 

\. L. ARYNITSKY Wy en Discuss 


congratulated tor his splendid work I hie 


tical importance of this most interesti 
cannot be overemphasized 


I only vant to remark that a rathe 


graphite structure was observed during ot 
/ 


carried out at the Experimental Foundry of the National Bureau 


ot Standards and published in the Journal of Research of the 
National Bureau of Standards, vol. 28 p 5 
in the TRANsactioNs, A.F.A., vol. 50, p. 451 (1942 


January One mad 


} 


This structure observed in a 1.2 in. transverse test bar, cast 


green sand of a nickel-chromium-molybdenum iron 14 
Graph. ¢ 216: Si, 2.70: Mn. 0.99: P. 0.12: S. 0.04: Ni 
Cr, 0.21 Mo, 1.17 per cent heated to | ind poured 
1350 C is shown in Fig. 3 


From microscopic examination of this bar it seemed that most 
of the tree carbon ‘was present in the form of globules bi 
3 \ row of graphite globules is shown in Fig. 33B. Som 
of them were associated with graphite flakes, as may be seen i 
Fig. 33¢ It appeared as if the graphite nodule originated from 
a nucleus situated at the end of the flake which extends is 
the nodule 

The modulus of rupture of this iron was 106,900 psi 
deflection, 0.34 in.; and relative modulus of elasticity as dete) 
mined in transverse tests was 18.60 X 10 psi 

This nodular graphite was best developed in a bar cast fron 
metal which had been heated to 1700 C but was also present 
although to a lesser extent, in bars cast from metal which had 
not been heated above 1400 ( Consequently, in these exper 


ments, a high maximum heating temperature may have 
creased the amount of nodular graphite formed but was 1 
essential It is unfortunate that the pressure of other activities 
prevented further investigation of this phenomena at that time 

Mr. Morrocu: With regard to the comments by Col. Krynit 
sky, | have been aware of the structures to which he has re 
ferred There obviously is some unknown factor playing a part 
in this case. Further information which he has presented tempts 
me to suggest an explanation for those structures since I have 

2¢ 


produced structures similar to that in Fig 


When irons are cooled under certain critical conditions, we 
have, just after solidification, eutectic graphite and saturated 
austenite. Normally that austenite gets rid of its excess carbor 
by deposition upon that already existing graphite flakes. How 
ever, if the cooling rate is at a certain critical value a graphite 
Widmanstatten structure can be obtained, and if on subsequent 
cooling the cooling is delayed slightly, spheroidization and ag 
gregation of this Widmanstatten structure can result to give the 
type of structure depicted by Col. Krynitsky in Fig. 33 

I should like to ask Col. Krynitsky whether he has been able 
to reproduce the structures which he obtained 

Cov. Krynitsky: Unfortunately due to the pressure of other 
activities, we did not continue this investigation, so I do not 
know if we could reproduce this structure. It is possible that 
there may have been present in the iron some minor clement o1 
there was some other unknown factor which brought about th 
formation of the nodular graphite 

CHarmMan MacKenzie: What kind of crucible did you melt 


it in? 


1 Nat 
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ee ma, rw = 


Frye PAP 


sand mold of 
(Th., 288; Graph ( 
0.04; Ni, 1.24; Cr, 0.21; 


VModulu 


bar 


iron 


Fig. 33—A 1.2 in cast in 
chromium-molybdenum 
Mn, 0.99; P, 0.12; §S, 


heated to 1700 C and poured at 1350 ¢ 


transverse test green 


a nicke 
2.16; 3, 200; 


Mo, 1.179% 





of 


lus of 


X 


o} 


deflection 0.34 in.; relative 
X/00: B, « 


per cent § 


106 900 pst; total 
elasticity 186 X 10 psi 1. 
, etched, X1500. Etching reagent was 


acid in ethyl alcohol. 


rupture 
unetched, 


500: ( 


nilric 





Melting done in a crucible 
high furnace. With 
ture which is Fig. 33C, I 
was formed first, flake or globule? If the graphite flake was first 
the later. It is interesting to 


author this 


was magnesia 


to the 


KRYNITSKY 
induction 


Col 


frequency reterence struc 


shown in questioned myself which 
was formed 
about 


globule 
has 


then 
the 


formed, 


note what to say 


Mr 
Krynitsky's further 


Col. 


1s obvious 


I have no further comments to make on 


remarks beyond saying that 
there of 


MoORROGH 
there 


unknown factor which we have no 


the 


ly some operative 
knowledge at moment 

r. H. WiIckENDEN Mr. Morrogh 
be warmly congratulated on the progress they have made toward 
graphite cast iron 


and his colleagues are to 
the metallurgical goal of producing a nodular 


great Many peo 


during the casting and solidification period. A 
ple have the same 
the staff of the International Nickel Co 
Bayonne, N. J]. It is a subject on which they have been working 
for many We had formal ar 


nouncement of our development until at a But in 


been working toward goal. Among them is 


Research Laboratory 


to make a 
later date 


years not intended 


Nickel Co., In New York 


? International 


Morrogh’s pape telling about the progress it 
foundry industry 


view of Mr. 
Britain, I feel that we 
be known that we have been successful in developing a 
which will produce a spheroidal graphite structure in cast 
is being tested out on a com! 
its commercial « 


owe it to the 


in the as-cast condition. It 
and plans are being formed for 


Further work is going on which we expect to coy 


scale 
ment. 


paper at a later date. 


The Inco process, as I shall call it, is based on the i 


iron of a small but effective ma 


tion into the amount of 


or a magnesium-containing addition such as nickel-ma 


\ small but effective addition produces a 
the 
compact 


alloy. partial 


sion of the ret 


graphite to spheroidal form and 
graphite takes form \ 


that all of the graphite is converted to the spheroidal fo 


on a larger addition 
amount of spheroidal graphite is increased in 
the the 


several times that of the untreated product. 


is the 


strength will also increase from base level to 


[he impact properties are improved over this range 
phosphorus iron with the graphite in the fully spheroida 

















cooling or subsequent 


congratulations 


Morrogh and his colleagues of 


a very important funda 


pletely empirical set of experiments but by 


several steps and complex 


in produc Ing nodular 


our questions and di 


producing flake 


the help of the graphitization data 


accomplished even more 


» discuss the impact test 


thinking about impact testing as a method of rating 


a relatively slow-speed unnotched 


information in a more exact form from a complete 


ent on this opinion 

s the effect of holding time in the ladle upon the sub 
Do type of scrap and type of melting furnace 
in effect upon the formation of nodular graphite? 

With regard to the mechanism of inoculation 
broadly speaking, this process adds very little 
the mechanism, and as it 
ave to cover more difficult and the problems we have 


he double treatment process does perhaps throw some 


inhomoge neous 


4 small particles of graphite which remain and fun 














subject Ot carbide sta ‘ l ss ire ive 
held It car ¢ Said, re eve { c ! en iis ‘ 
form stable « des ‘ selves ‘ ec ot ¢ 
tering rie rm < ticle i ‘ ( ( ‘ < rm ‘ 

vce i ( ire cal ade sta ‘ S IS e case i! 
vanese chromium aL dius Hk ! ce ¢ 
ments tor Itistablie Ca aes is, I stance cKe a re 
tcl rie ‘ carbide i ce ‘ ‘ s I ( ‘ 
then we nave a graphitizine imthuence 

Howeve the problem ot carbide stab ‘ eccomes 
more complex when it is recalled that under-coo ( nm cas 
irons, even when the result is a eras rol nvolves the solid 
fication otf a white cast iron which graphi cs subseque t te 
solidification Normally we isociat vill ol carbice cs 
Stability or less persistence at high temperatures and increas 
nye PCrsislence if tow temperatures Wher we nave unde! 
cooling we have scemingiy, an instance ot igher persistence 
at higher temperatures, that is, shortly after solidification, that 
at lowe temperatures Perhaps this indicates that carbon ane 
iron are itimately associated » the melt as some form « 
iron carbide 

With regard to Impact testing we are Ve iware oT the 
limitations of the single-blow unnotched impact test I would 
not agree that the transverse test gives all the intormation 
which the mpact test gives as I have, on several occasions, had 


materials of ostensibly the same properties as judged by trans 
verse testing and tensile testing but which under the impact 
test were quit different 


With regard to holding time in the ladle and its effect upor 


this process, with normal foundry practice and witl holdit 
times in the ladle up to about 20 min the s little mftluence 
In fact the longer the holding time ! many wavs the better 


is the final result because it permits the segregation desulphur 


zation by the ceriun to be more etlective 

Dealin th the question of the meltu furnace broad 
spe ikineg pre ded the compositions ine the sare melt 
Lurnace tvpe has little eftlect We find that compositor tor 
COMPpOSIt1O! the same mount of ceriun requ red, fo 
stance n the cupola turnace as in the |! h-frequency induc 
tion turnace With batch type melting furnaces it us, he 
ever, possible to control the sulphur to a low figure iver 
satistactor\ starting charge materials With the cupola oft 
course, there is always an inevitable sulphur pickup and mor 


cerium may be required on that account unless the desulphuri 


zation is carried out beforehand 
With regard to scrap l presume that Dr. Flinn is inquirin 
about the remelting of cerium-treated nodular cast irons. On 


um to be lost by 


remelting it is usual for the effective c« 
oxidation On remelting an iron containing 0.05 per cent 
cerium in a crucible furnace, the final cerium content may be 
as low as 0.005 per cent o1 lowe! Scrap containing cerium 
cannot therefore be regarded as a potential source of cerium 
for the process, although its inclusion in the charge may assist 
in achieving a low final sulphur content 

J. E. Renper: * I should like to add my contribution to the 
congratulations to Mr. Morrogh and the British Cast Iron Re 
search Association on this excellent work. I think it is not too 
much to say that a landmark in the history of cast iron metal 
lurgy has been delineated in this technical paper. Mr. Mor 
rogh’s metallographic work in particular I think is some of the 
finest I have seen anywhere 

I have one question to ask Mr. Morrogh These irons are 
hypereutectic irons, and I am curious as to what has been 
found with respect to fluidity of these hypereutectic cerium 
treated irons 

Mr. Morrocu: With regard to the question raised by M1 
Rehder on fluidity, it is rather difficult to give a precis 
answer to that, because there is no precise method of measui 
ing fluidity From actual measurements and in the course of 
actual foundry experiments, we find that at comparable pour 
ing temperatures the fluidity of this iron is better than that 


of a low phosphorus iron with say 3 per cent carbon and 2 
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pel cent silicon Comparing the treated hy pereutecti irol 


th the untreated hypereutectic iron, at the same temperature 


Ihe 
, 


treated 


the fthuicdity 


is slightly impaired by the cerium treatment 


precise reason tor that is not understood, but cerium 


do tend to be covered with a thin oxide film, such as 


1rOnsS 


occasionally in high-titanium and in alumirum 


That 


iron 


one sees 


containing irons may be responsible for this slight re 


fluidity 
\USTIN, JR I 
Mr. Morrogh 


achievement in the 


duction in 
Ww. W 


ments to 


like to the 


associates 


should reiterate compli 


ind his for this outstanding 


held of cast iron metallurgy I cannot re 


sist this Opportunity however, to inquire as to whether or not 


! the 


inv data machina 


of the 


relative 
that 


have been made available on 


nodular cast with 


flake 


sure in 


bility of iron in comparison 


Also we 


data 


norma! graphite structure would be interested 


I am hearing some cost on the utilization and 


ippli ition of this treatment in the foundry 


Mr With 


to quote figures 


regard to machinability, I am unable 


The 


limits 


MorroGu 


any precise machinability of this material 


will varv between very wide depending upon the com 


position and the specific matrix structure which is ob 


tained It 


type ot 


should be noted that properties equivalent to those 


Bir 


NoOpDULAR GRAPHITI 


ot pearlitic gray cast irons can be obtained witt 


nder those « 


We 


type 


im the partially ferritic condition. l 


improvement in machinability is obtained 


land substituted nodular cast irons of this 


pearlitic gray caSt irons for a variety ot castings 
been put through the machine shops without a 
ill 
With 
difficult to 


the 


materials 


this 


figures 


the cost of 
concrete 
that 


being 


regard to process a 


GIVE iny SInce Ss ck 


is being used 


the 


and 


vith type of furnace the ty 


that are used sulphur cor 


treated also the 
the 


relatively 


metal which has to be cost « 


I am not sure what is cheapest cerium ava 


country but it is a expensive process 


tion in which we are conducting large 


England is in that of reducing the cost by 


of cerium being used 


Some preliminary idea of costs can be ascertain 
the Misch 1 


country by remembering that yields of cerium fron 


to cerium when you know cost of 


will vary between about 50 per cent and 30 per cet 


upon the way in which the addition has been made 


phur content of the metal being treated. In general 


will contain between 0.03 and 0.06 per cent of the ele 


IN Gray ( 
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DELAYED QUENCH FOR STEEL CASTINGS 


By 


S. L. Gertsman ** 


1BSTRACT castings, precautionary measures are being worked out 

i “% dese d . be Creasy to minimize the danger of cracking. It has been noted 

process tnvoives austenitizing at temperatures : 

that the water being used should be kept preferably at 
a timed cooling from the austenitizing tem 

125-150 F, and that the castings should be removed from 


rature SUfficte ntly aboi € the 17 t ensure 


» casting would be below the Ar, tem the quench tank while still warm and be placed im 


in water, followed by a draw to produ mediately into the draw furnace. Attention is also being 


properties. Cracking susceptibilit 
: es focused on the quench temperature In this connection 


t 
r from the lower temperature. A consider 


the fact that the upper critical temperature on cooling 


me is effected over the normalize-reheal 


jure usually employed. Results presented Ar) is lower than the upper critical t mperature on 


ing is made at no sacrifice of mechanica heating, makes possible the quene hing of a casting from 


ontrol is required, the process ts re¢ 


a fairly low temperature while still retaining the fully 
roduction ts involved 
hardened structurt 


[he temperature gradients caused by the quenching 
HEAT TREATMENT in steel foundries has evolved 
radually. It was found that ductility and machinabil 


ty of the castings were improved by full annealing, i.e., 


are then less severe than if the steel we re que nched from 
more elevated temperatures. Distortion, internal stress 


: fon es, and the tendency to crack are thus reduced. The 
ting them up to a temperature of 1650-1750 F and 
: quenching from this lower temperature is most con 
wing them to cool slowly in the furnace. It was 
veniently achieved by allowing the steel to cool in air 
n observed that by allowing the castings to cool in 
; from the auste nitizing te mperature to the te mipe rature 
rather than in the furnace, the yield point and ten 
' of quenching. As a consequence, the process is referred 
strength were increased, particularly in alloy steels ee e 
to as a “delayed quench. 
high carbon and alloy steel castings of certain de : - 
\s higher carbon (0.45 to 0.52 per cent) and low alloy 
igns nowever, objectionable cooling stresses were 4 . 
, steels have higher hardenability than mild steel, they 
induced by this treatment unless the castings were 
iris, also are more likely to crack on quenching. This danger 
lrawn immediately. Cast steel of all compositions, how 
oe ; can be minimized, especially on intricate castings, by 

ver, had better ductility, higher yield point, higher 
; : the use of the delayed quench. ‘The method, however 

nsile strength, and much higher impact and fatigue 
requires the setting up of accurate controls 
roperties than were possessed by castings given a full 
his paper describes the technique that was used to 

innealing treatment. 


\t first, liquid quenching was avoided because of the 
ossibility of cracking. Such treatment, however, is 


set up the delaved quene h in a Canadian steel foundry 
so that it could be operated by unskilled personnel. ‘The 
; problem was undertaken in the metallurgical labora 
ipidly gaining favor for both carbon and alloy steels ; 
;' ' ' tories of the Bureau of Mines, Ottawa, in January, 1944 
since it produces maximum mechanical properties. The 
quenching is usually followed by a draw to reduce cool- 
ng stresses, which may cause brittleness, and also to 
produce desirable combinations of mechanical proper- 
tes. The quenching medium may be either oil or 
the latter is more widely used. 
xperience accumulates on the quenching of steel 


Ihe foundry was producing ball sockets for the four 
wheel-drive army trucks. Some of the preliminary work 
is also included on establishing the analysis (low- 
molybdenum steel) and the delayed quench treatment 
that were used for the American M-24 Cadillac tank 
track shoe, Fig. 3, which was produced in volume at a 
later date. 

~ Avoidance of cracking was not the only object, how 
shed by permission of the Director, Mines and Geology ever, as the heat treating facilities of the foundry were 
ch, Department of Mines and Resources, Ottawa, Canada 
ical Metallurgist, Division of Mineral Dressing and Metal- 


Bureau of Mines, Department of Mines and Resources, 
va. up the delayed quench the entire heat treatment opera 


inadequate to take the flow of castings and constituted 
a production bottleneck. It was thought that in setting 
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DELAYED QUENCH FOR STEEI 


tion might be accelerated. This was successful 
out with no reduction in the mechanical 
of the steel . 

\n outline of the process that was ado; 
of the mechanical properties obtained, m: 
aid to foundrymen in indicating a method | 
small and medium-sized steel castings req 
volume can be heat treated more economica 

Medium-carbon steel was used and the { 
heat treatment was given to the ball sockets 
temperatures quoted representing furnace p 
settings: 

l. 314 hours at 1750 F; air cooled. 


2. Reheated to 1575 F for 2% 


hours 


quenched. 

3. Drawn at 1225 F for 314 hours. 

The 1750 F treatment! is given to change 
cast” structure (coarsely ferritic area in a matrix 
coarse pearlite ) Fig. 9 to a refined structure (fe; 
and pearlite finely distributed), and is also Suppos 
to relieve the tendency toward segregation at poi 
where opposing dendrites meet (such  segregat 
forms a line of weakness which would not be « 


Reheating 


refines the grain if previous coarsening 


nated by subsequent heat treatment). 
1575 F 
occurred, and it confers the beneficial effects 

lower quenching temperature, e.g., reduces the tende: 
to crack or warp. The draw, of course, brings ab 
the desired combination of mechanical properties 

\fter careful testing of a series of heats of steel 
heat treatment was modified as follows to inclu 
“delayed quench” procedure: 

|. Soaking for 314 hours at the austenitizing 
perature (approximately 1750 F). 

2. Cooling in air to the lowest practicable p 
(1350 F, approximately ) above the critical temperat 
(Ar,) of the steel prior to quenching. 

». Quenching in water. 

!. Tempering, or drawing, at 1225 F for 314 ho 


It is noticed that the reheat-treatment at 1575 F has 


been eliminated. This would appear to eliminat 
grain refining treatment. For most castings, howeve! 
grain size is not a critical factor. Indeed, grain coarse! 
ing is advantageous, both from the standpoint of 11 


creased hardenability and as an aid to machinabiit 


provided its effects on certain mechanical properties 


are not serious. 


Critical Points, AC and AR 


It seems advisable at this stage to discuss certa 
fundamentals of steel transformation involved in t! 
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Fig. 2—Variations in AR due to small changes in 


~* 


i ooling rates. 













Fig. 3—M-24 tank track shoe. 
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delayed quench. Iron exists in two forms, 
high-temperature, face-centered gamma 
h can hold carbon in solution, and the body 
ow-temperature form which has relatively 
ity for carbon. Because equilibrium condi 
not achieved in commercial operation, the 
m one structure to another occurs at a highe1 
ire on heating than on cooling 
hanges Can be followed by dilatome {cl read 
ting within a single phase range produces 
pansion, but a change from the body-cen 
produces contraction. Pemperature arrests 
in the transformation. In using the delaved 
ocedure, advantage is taken of thes phe 
yy using them to determine the correct tem 
it which the steel ts compl tely face centered 
nitic, and then quenching from reasonably 


Is tempe rature. 


. - 


| shows a dilatometer curve for an 0.35 cai 
[he difterences between the AC and AR 
ints is shown. Ihe Arg temperature is that 
orresponds to the reversion of the original 
ird slope of the curve and the Ar, temperature 
at which the downward trend is resumed 
reverse, of course, holds for the Ac, and 
nts. In obtaining the curve the cooling rat 
constant at 275 F per hour. 
re is a tendency for metallurgists to considet1 
tical points of steel as static values indepe ndent 


corresponding rates of temperature change 


Consequently, the literature often gives the critical 


point values unaccompanied by cooling rates. The 

lack of sufficient emphasis of the relation between thes« 

factors is best illustrated by the scarcity of pub 
data on the subject. 

cure 2 illustrates to some extent the effect of cool 

g rates on the critical temperature. Chromel-alumel 

ermocouple wires were attached by the method here 


n described to 6 x 1 x 14-in. bars of 0.45 per cent carbon 


75] stecl, in the position shown in Fig. 2. These bars 
ninat were heated up to 1700 F for one hour in a neutral 
loweve itmosphere [he ends of the thermocouple were at 
coarse! ached to an L. & N “Speedomax” machine and curves 
it of | were obtained, using the slow speed recorder, after r¢ 
nabiit moving the bars from the furnace and allowing them to 
operties HF cool in still air. This gives a qualitative picture of the 


pressing effect of accelerated cooling rates on the 

point. It is observed that with the thermo 

wires attached to the middle (slowest cooling 

tion) of the bar as shown by No. | in Fig. 2, the 

S approximately at 1200 F whereas when they 

ittached to the end (fastest cooling section) of the 

is in No. 3 arrangement, the Ar, is reduced to 
ximately 1180 F. 

as been shown that, for SAE 4340 steel*, varying 

the cooling rates in degrees per hour from 10 F per 

hour to 400 F per hour changed the Ar point from 

1340 F to 1200 F. 


Chemical Analysis 


le | gives the chemical analyses of the various 
4 steel castings and keel block test coupons 
for the experimental work, at the foundry in 


ABLI ANALYSES OF EXPERIMENTAL HEATS OF STEEFI 





024 0.021 
025 0.021 
O25 0.020 
7.028 0.018 
0.032 0.019 
0.020 0.029 
0.028 0.032 
0.031 0.022 
0.032 0.028 





PaspLe 2—ANALYSES OF HEATS MADE AT BUREAU OF 
Mines LABORATORY 





Heat Phos Molyb 
umbers Carbon ag: iheor ulphu phorus denun 

0.027 0.016 

0.049 0.016 

0.022 0.017 

0.055 0.033 

0.055 0.030 

0.069 0.041 

0.055 0.033 

0.035 0.010 

0.033 0.010 

0.030 0.010 

0.031 0.010 
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basic-lined, electric arc furnaces lable 2 lists the 
analyses of the supplementary heats which were cast 
in the Bureau of Mines laboratories, using a basic-lined 
induction furnace. Besides carbon steel, several molyb 


denum steel heats were cast for the track shoe work 


Establishing Time Cycle in Air Prior to Quenching 


In routine operation of most heat treating furnaces 
it can be expected that the temperature of the work 


will usually be somewhat below the temperature of the 














PANGE OF TEMPERATURE 
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Time In) Séconios Whyi.€ 11 AiR PRIOR TO QUENCHING 
Fig. 5—Cooling curves for ball socket casting. 


furnace pyrometer. It was obvious that the tempera- 
tures of the work prior to removal from the furnace 
would have to be established if the proper time cycle 
in air was to be determined. In order to carry this out, 
a chromel-alumel thermocouple was attached to the 
castings in the following manner; an electric arc welder 
having a graphite electrode was used to melt a small 
puddle of steel in the casting. One wire of the thermo- 
couple was then rapidly immersed in this puddle about 
14 in. below the surface and allowed to freeze into the 
steel. This was repeated with the other wire. To per- 
form this operation satisfactorily it was necessary to 
grind a point on the electrode and to apply it to a 
freshly ground part of the casting. To protect the 
thermocouple from breakage during the process of 
handling, a pipe was attached to the casting and the 
thermocouple wires were run through it. Asbestos was 
then packed around the thermocouple to prevent 
shorting it and to keep it rigid in the pipe. The whole 
thermocouple was protected by insulating beads. Fig- 
ure 4 illustrates the thermocouple assembly with the 
wires attached to the fastest cooling (left casting at the 
top) part of the ball socket and to the slowest cooling 
section (right casting at the center or neck). These 
two points were determined after thermocouples were 
attached at different parts of the casting and cooling 
curves were obtained. 

A casting with a thermocouple attached to the top 
was placed in the rotary oil-fired furnace at the plant 
(Fig. 4, left). The point of attachment was the thinnest 
part of the casting (14-in. wall thickness) and conse- 
quently the most sensitive to furnace temperature vari- 
ations. The leads of the thermocouple were attached 
to a portable potentiometer. The furnace was operat- 
ing under production conditions. After the casting 
reached 1700 F during the cycle, it cooled down to 
1650 F just prior to removal from the furnace. There- 
fore, although the furnace pyrometer was reading 
1750 F, the starting temperature of 1650 F had to be 
used to standardize the time cycle in air prior to 


quenching. 
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Taste 3—SOME DATA ON DEI AY QUENCH 








Quenching Temperature 
Range of Casting, °F 

















Time in Air Fastest Slowest Il'empera 3} ; 
Prior to Cooling Cooling ture ol > 
Quen hing, Section Section Water, Hea 5 
sec (top) (neck) “. SR7 . 
26 1487 1550 71 534 { 
49 1425 1495 73 534 , 
85 1350 1437 75 534 ? 
115 1295 1398 74 534 a 
140 1245 1358 76 555 ' 
151 1230 1347 77.5 534 
188 1175 1300 79.5 555 ‘ 
230 1138 1257 72 415 
243 1135 1250 74 415 
332 1104 1207 76 217 2 














I'wo castings, having thermocouples attached at | 






top and center (neck) as shown in Fig. 4, were plac 





in a neutral atmosphere and held for 114 hours a 









1650 F. When the socket was removed from the fu Cr 

nace, the time of cooling was recorded at 50 F inte tens! 

vals, using 2 potentiometer. The curves plotted fo le! 

the slowest and fastest cooling parts of the casting a I 
shown in Fig. 5. 

l\ 

Delayed Quench Hardness Experiments lr! 






Ball sockets taken from two production heats (Heats 
8873 and 8876) representing the outside ranges o 
carbon content, were heated up in a furnace at 1650 | 
for 31% hours. These castings were taken out individ 
ally and allowed to cool in air for various lengths o! 
time and then quenched in a tank (614 x 3 x 3 ft.) wit! 
water flow of 360 gallons per minute. After the quenc! 
the Brinell hardness of the castings were taken at th 
center (neck) of the casting, the section which cooled 
slowest. Table 3 lists the hardness, the times in a 
prior to quenching, the temperature ranges of th 
castings at the moment of quenching (taken from Fig 
5), and the water temperatures during the quenc! 














operations. 






Standard Heat Treatment vs. Delayed Quench 


The main consideration in setting up the time cycl 
in the plant is the determination of the lowest tempera 
ture from which quenching can be carried out satis 
factorily. The cooling rate, as was shown previousl\ 
greatly influences the Arg temperature. Figure | illus 
trates that the Arg point of an 0.35 per cent carbor 
steel when cooled at a rate of 275 F per hour is 1409! 
The Arg point of the ball socket (9.37-0.53 per cent 
carbon) was between 1257 F to 1300 F while cooling 


Y 


in air from the temperature normally prevailing 10 














the plant furnace. (Cooling rate was 90 F per minut “ 
measured at 1300 F.) Table 3 shows that the 4s 233 
quenched Brinell hardness falls off only after the socket B> 
is held in air for 230 seconds before quenching, altel 9234 
which time a temperature range of 1138 to 1257 Fs _ 
reached. 229 

Since the hardness readings are taken close to the #B*29 
slowest cooling section, or neck, of the socket, '{ can 228 
be assumed that the casting has to be quenched trom 236 





a point somewhere above 1257 F. In order to get « un! 


formly martensitic structure throughout the casting 














voling part ol top, should be above this 


yw the variations that normally occur in 


it was felt that the temperature at the top 


ll above the Ar.: consequently, 1350 F 
Figure 5 shows that the top of the socket 
F when the casting has been held in ai 


ls after being taken from the furnace at 
the neck of the casting 
me length of time in air is 1435 F. The 


for an 85-second 


tempt rature at 


range within the casting 
1350-1435 F. 


etore 


Mechanical Properties 


to compare the various mechanical prope 
sockets given the delayed quench with 
he sockets which were normalized and re 
ior to quenching, the following series of ex- 
were carried out: 
curves were obtained for bars from which 
st pieces were to be prepared after delayed 
[he dimensions of these bars were: 
\ 6 xX 
thicker sections of the casting). 
B — 6x 1x | in. (thinner sections). 


jocouples were attached to the bars in 


l-lg x 1%@ in. (representing the 


the 


TIME IN) AiR PRIOR JO QUENCHING 


MO 0 MO 200 TIO BO Be BRO 300 SRO Sk MO MO WO SECONDS 


4 | ) // : 1 
sk L | / Coe " 
e* ime | 
Oa" lJ] I 
~< </ i 1 0 SPEEDOMAK READINGS 
~ a N + 
ae os SOTENTIOMETER READINGS 
a7 eS | 
> + ——e i 
~ ~ 
yr Toe ~~ | | 
4 t 
a+ eg 
a ~ 1.4 
De | 
a3 ~~ ~ 
me | oe! ; + 
, Sat, ~ es ' 
- ‘ | ; 
adboil b.4 
Sees 
' 
HIEAT 224 
- - a 2 62 me me TP feo Mo MD 0 5m 0 a ae fe Ss 
Lo linea curves fo Type A bar 6x11 x11 » 272. 
S i , 38 16 


TABLE 4—MECHANICAL PROPERTIES, TYP! 


QUENCHING (Sé 


ee i me me i a ae a ame 


Timté ( Aik PRioe Jo Ons 
e - «- - - — = = = ae am 








“aa a@3é 
K “64 228 
~ ee ase 
> 
> 
s 
~ ——- [PEE DOntaN REA OS 
= ‘ o-—e POTENT Ona TER EAS 
~ 
NM X 
Y ~ 
“x 
, a oa = THERMOCOUPLES ATTACHED 
. * SS Owt weer 70 CENTRE OF BARS 6°«/* «4° 
NW BT ANS 
x s -= — 
x eS 
12. wi 
x TE mE 
y > were 
g enth | T ie - 
= 
" aso - ; - 
Ww seen J 
aon + . ~ 
=o +++ Pes 4 
a «x # a ee ee ee ee ee ee ee 
Fig. / Cooling Curves 107 Type B hars These curves 
show minor variations in cooling rate down to 1350 I 


fo? steels of datfle rent anaitvysis 


manner pré viously described 


\ portable 


meter was used to determine the temperatures 


potentio 
The 
times were taken at 50 F intervals, using a stop watch 
& N Speedomax 


This method was checked by an L 


machine, using the high spec d recorde 

Figure 6 illustrates the curves obtained for bars of 
l ype A above, cut from Heat 224, which has 0.45 pel 
cent carbon. These bars were heated to 1700 F, since 
the that 


heat-treat cycle at the plant. 


castings reached temperature during the 


The broken 


curve for the fastest cooling part of the bar, whereas 


line is the 


the solid line represents the cooling curve through 
the center section, which has the slowest cooling rate 


Tensile test bars and Izod impact bars were ma 


chined in such a manner that the break occurred close 
to the center section of the bar, as it was felt that the 
cooling rate at this point would be most representative. 
Cherefore, in all the delayed-quench experiments for 
both types of bars, A and B, the cooling curve repre 
through the center was used 


the bar had to be held 


senting the cooling rat 
in order to determine the time 
in air to reach any required temperature prior to 
quenching 

Figure 7 gives the cooling curves for bars of Type 


B, taken from three heats of steel having different 


\ Bars * 
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Heat Max. Stress, 
Treatment psi 
Delayed Quench 105,000 
Normalize-Reheat-Quench 103,000 
Delayed Quench 106,500 
Normalize-Reheat-Quench 107,500 
Delayed Quench 110,300 
Normalize-Reheat-Quench 113,800 
Delayed Quench 105,600 
Normalize-Reheat-Quench 105,500 
Delayed Quench 103,800 
Normalize-Reheat-Quench 105,600 
Delayed Quench 92,400 
Normalize-Reheat-Quench 93,200 
Delayed Quench 116,300 
Normalize-Reheat-Quench 117,500 


e delayed-quench bars were held in air for 75 sec., 


Yield Elongation Reduction 

Stress in 1 in,, of Area, Brinell 

psi per cent per cent Hardness 
89 O90 24 54.8 197 
88.400 25 57.4 183 
89.700 19 41.8 202 
88 O00 21 45.9 205 
96,800 20 31.7 223 
97.400 20 35.0 225 
88,800 17 31.1 217 
87,200 21 44.5 210 
86,000 23 57.0 197 
93,600 23 56.0 201 
76,000 15 30.0 174 
80,600 16 33.0 174 
101,000 20 42.0 222 
102,000 20 42.0 225 


after which time they reached 1350 F, prior to quenching. 


















TABLE 5—MECHANICAI 





PROPERTIES, 


[ypee B Bars 





DELAYED QUENCH FOR STEE! 












Prior to 
Quen h, sec 


Heat 


No Heat Treatment 





8870 Delayed Quench 57 1350 
8870 Normalize-Reheat-Quench 

8873 Delayed Quench 38 1435 
8873 Normalize-Reheat-Quench 

8877 Delayed Quench 57 1350 
8877 Normalize-Reheat-Quench 

8879 Delayed Quench 38 1435 
8879 Normalize-Reheat-Quench 

8876 Delayed Quench! 57 1350 
8876 Normalize-Reheat-Quench? 

8878 Delayed Quench! 37 1350 
8878 Normalize-Reheat-Quench! 

8874 Delayed Quench! 37 1350 
8874 Normalize-Reheat-Quench! 

1 Drawn at 1200 F, 1 hr 2 Specimen had a longitudinal quench crack 











Time in Air Temperature of 
Specimen When 
Quenched 





Maximu 
Stress, 


F psi 


99 400 
97 800 
90,600 
92.200 
97,100 
97.400 
95.200 
95,800 
106,100 
113,200 
112,800 
103.200 
102,000 
105.700 





m Yield 
Stress, 
psi 


$6,800 
80.000 
71,600 
74,200 
85.500 
81.300 
80,000 
82.200 
90,600 
102.300 
98,400 
80,600 
84.500 
89.700 


Elongation 












Reducti 


in 1 in., of Area, 

per cent per cent 
32 54.2 
29 38.7 
26 50.0 
24 33.5 
30 51.6 
30) 51.6 
28 50.0 
3? 55.7 
27 45.1 
17 29.0 
21 37.0 
23 41.9 
27 51.6 
24 49 (0 






























analyses. Heat 236 has 0.25 per cent carbon and 0.52 


molybdenum; Heat 228 has 0.29 carbon and a high 
manganese content (1.47 per cent); and Heat 254 is 


0.52 \s would be expected in cooling to 


carbon steel. 
1350 F no greater than a four-second difference exists 
between the three heats. 

Iwo pieces were cut from each keel block test 
coupon, taken from different ol One 
piece received the delayed-quenc h-and-draw treatment, 
whereas the other was used for the standard normalize 
reheat-quench-and-draw treatment. All specimens were 
held at 1700 F for 9 The normalized speci- 
mens were reheated to 1550 F for one hour and then 
\ 114-hour draw at 1225 F was used for most 


heats steel. 


114 hours. 


quenched. 
specimens, and some were drawn at 1200 F to give 
somewhat higher hardness values. Table 4 gives the 
results obtained for both methods of heat treatment on 
bars of Type A (6 x 1-14 x !%&% in.). The delayed- 
quench bars were ali held in air for 75 seconds prior 
to quenching. Figure 6, solid line curve, shows that 
this length of time is required to cool the bars to 1350 
F. This temperature corresponds to the lowest tem- 
perature of the ball socket when it is held in air fon 
85 seconds prior to quenching. 

Fable 5 compares the results obtained with bars olf 
type B (6 x 1 x ~ in.). Two specimens have been 
cooled in air to 1435 F prior to quence hing. This is the 
highest temperature at any point in the ball socket 
when it is given an 85-second delay prior to quenching. 
Figure 7 shows that for this size of bar a delay of 57 
seconds in air (the average reading given by the three 
curves) is required to bring the temperature at the 
center of the bar down to 1350 F, and 38 seconds for 
a temperature of 1435 F. 

Che bars were all quenched by hand in water. The 


32-in. diameter tape! 


tensile bars were machined to 0.282 
ing 0.005 in. to the center of the specimen, which caused 
the bars to break at that point in tension. 

It can be seen, from the test results, that no signi 
ficant difference in mechanical properties exists for 


bars given either type of heat treatment. 


Impact Tests 


Tables 6 and 7, for Type A and Type B bars res 
pec tively, give the results of Izod impact tests taken on 


bars given both heat treatments. The delay quench 






































Taste 6—LTypr A Bars—6 x 114 x 14% IN 
a 
Heat Impact, Brine 
No Heat Treatment Type! ft.-lb Har 
224 Delay Quench 48:52 192 
224 Normalize-Reheat 50:52 192 
233 Delay Quench 30:32 202 
233 Normalize-Reheat 32:32 20 
234 Delay Quench 24:24 223 
234 Normalize-Reheat 24:25 217 
235 Delay Quench 26:27 207 
235 Normalize-Reheat 26:25 207 
236 Delay Quench 26:26 223 
36 Normalize-Reheat 26:25 229 
1 Delay Quench: Bars heated to 1700 F for 1 hr, then take 
n still air for 75 sec. to 1350 F, water quenched, and drawn at 1225 |} 
Normalize-Reheat: Bars were heated to 1700 F for 1 hr, then take 
ooled in air to room temperature, reheated to 1575 F, held one 
perature, water quenched, and drawn at 1225 F, for 1 hr 
Nor 
Taste 7—Tyrre B Bars—6 x 1x IN. 
Heat Impact, Br 
No. Heat Treatment Type! ft.-lb Hard 
88682 Delay Quench 48:50 220 
88682 Normalize-Reheat 47:47 220 
255 Delay Quench 49:43 197 
255 Normalize-Reheat 43:43 192 
256 Delay Quench 41:37 192 
256 Normalize-Reheat 39:41 192 
258 Delay Quench 47:45 212 
258 Normalize- Reheat 45:45 219 
260 Delay Quench 37:36 229 
200 Normalize-Reheat 35:36 223 
1 Delay Quench: Bars heated to 1700 F for 1% hr, then taken out, cooled 





water quenched, and drawn at 1225 F 
1700 F for 1% hr, air coole 
for 1 hr, water quer 


in still air 57 sec, to 1350 F 

Vormalize-Reheat: Bars heated to 
temperature, reheated to 1575 F, held at temperature 
and drawn at 1225 F for 1% hr 
2 4 1200 F draw for 142 hr 






was used for these bars instead of 1225 F 











bars were all held in still air to 1350 F priot to quench 
The 10-mm. square type of specimen was ma 
A V-notch was 


of the 






ing. 
chined from the 
placed one-half inch on each side of the cente1 
bar. The results indicate that the impact resistance & 
the same for bars given either type of heat treatment 





heat-treated bars, 









Grain Size 





| 


ie] 


Grain size determinations were made in 
see whether any coarsening occurred. After quenc! 
all samples were drawn at 600 F for one hour. \1! 
etch was used on the polished microspecimens 
















¢ SMAN 
1ustenite grain boundaries. Table 8 shows Metallography 
I é tested, reheating effe » ¢ »reci- 
See! he heats eating effects no appreci Photomacrographs were taken of bars which had 
ement been etched in 1:1 hydrochloric acid for 20 minutes 
at a temperature of 175 F. Type “B” bars were used 
8—GRAIN SI7ES OF EXPERIMENTAL HEATsS and were given the complete heat treatment in each 
— case, 1.e. normalized, reheated, quenched, and drawn 
ype of Grain 90 =» F 
Bar Heat Treatment Size at 1225 F: or delay que nch 75 seconds, drawn at 1225 
= F. Figure 8 illustrates that, for the specimens photo- 
B Delay Quench 5-6 : 
B Normalize-Reheat-Quench 6-7 graphed, the dendrites are, if anything, slightly coarser 
\ Delay Quench 5-6 for the normalized specimens. It would not normally 
Normalize- Reheat-Quench 5-—€ ek: 
. nalize- Reheat-Quenc D> be expected that the reheat at 1575 F would have any 
\ Delay Quench 5-6 , 
\ Normalize-Reheat-Quench - appreciable effect on the “as cast” dendritic pattern 


Photomicrographs were taken of the 2 per cent nital 





etched specimens. Figures 10 and 11 (1,000 x) illus 
trate the microstructure of Type “A” bars, Heat 224 
given both complete heat treatments Partial spher 


oidization has been obtained in both cases 


Production Arrangement for Delayed Quench 


At the plant, the following procedure was set up for 
the delayed quench 

lhe castings were placed in the rotary oil-fired aus 
tenitizing furnace in groups of three, and held for a 
total of 314 hours. After this period, three castings 
were removed trom the furnace and placed on a table 
equipped with a timing device. When the castings 
touched the table, the timer was set off and alter a total 
of 85 seconds in still air, the table top was suddenly 















99 
lifted (mechanically) with the result that the castings 
were thrust into the quench tank. Figure 12 shows the 
castings on the time table (two rollers are shown in the 
two sockets at the right ). After the que neh, the castings 
lized Delayed Normalized Delayed were immediately placed in a second rotary oil-fired 
Quench Quench furnace for the 314-hour draw at 1225 F. Brinell hard 
Heat 224 Heat 229 ness checks were made twice daily on the “‘as quenched” 
castings as a control test. It was found that the time 
f Macrostructure of bars. Normalized normal selected always produced fully quenched castings fon 
eheated; quenched and drawn. Delayed heats within the proper range of chemical analysis. Sta 
20 yuench delayed quench and drawn. tistical analysis showed that the same range of mechan 
19 
g 
9) 
19 
29 
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quenai 
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! (left )—As-cast structure of 0.45 carbon steel at 1225 F. « 1000. Fig. 11 (right Same steel heated to 
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ical properties, within normal limits, were produced by 
the delayed quench as has been obtained with the stand 
ard normalize-reheat-and-quench treatment. 

Figure 12 (uppel right side ) shows a batch of ten 
M-24 tank track shoe castings ready to be put into the 
austenitizing furnace. It was found that the delayed 
quench worked very well for the shoes stacked in this 
manner. For castings having large variations in dimen 
sions, cooling curves may indicate that too great a range 
in temperature exists within the casting, if the delay in 
air is to be set up for single castings. Different methods 
of stacking should be tried in order to narrow down the 
temperature within the individual castings at the mo 
ment of quenching. If the temperature differential can 
not be decreased, the delaved quench (in air) heat 
treatment should not be used as no advantage would 
be gained for the effort involved. 

Cooling curves of various dimension bars having 
thermocouple wires attached to the fastest cooling 
parts, as shown by the broken line curve in Fig. 6, will 
give the foundryman some idea as to whether or not 
he should consider stacking when contemplating the 
use of the delayed quench for a casting. The ball socket 
only has a differential of 85 F in temperature (1350 to 
1435 F) when it is delayed in still air for 85 seconds. 
[his is not considered serious, from the viewpoint of 
cracking due to thermal gradients in the steel. Also, 
1435 F is still well below the 1575 F, the temperature 
used in the reheat treatment method. 

\fter some experience with the delayed quench pro- 
cedure on different types of castings, it may be possible 
to establish the time cycle of a new casting merely by 
obtaining “as quenched” hardness readings alter vari 
ous delays in air, as in Table 3. ‘The point at which the 
hardness falls off for the fastest cooling section of the 
casting will then indicate the cycle that should be used. 

It should also be mentioned that the delay in air to 
above the Ar, point can be effected right in the furnace 
by zoning, i.e., arranging the temperature of the fun 
nace so that the castings on coming out are at the 
proper temperature for quenching. Although a morc 
uniform temperature range across the casting would be 
produced by doing this, it is not considered economical 
as the furnace time taken for the cooling period is much 
better used for the solution (austenitizing) cycle. 


Summary 

|. ‘The setting-up of the “delayed quench” procedure 
in a foundry and the means for the adoption of this 
procedure are described. The change in practice in- 
cludes the following: 

a. The actual temperature of the casting in the plant 
furnace was determined under production conditions. 

b. Cooling curves of the casting were obtained as it 
was held in still air, in order to make sure that the 
whole casting would be quenched from above the Ar, 
point, and also to indicate the temperature differential 
in the casting at the moment of quenching. 

c. As-quenched Brinell hardness readings were taken 
on a series of castings which had had different delays in 
air prior to quenching. The drop in hardness indicates 
the critical time factor in air. By correlating with the 
cooling curve, the lowest temperature from which the 
casting might be quenched was obtained. 
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lig. 12—Three ball sockets on timer table, prior t 
ing quenched. 


2. Determination of mechanical properties, ol 9 
sizes, and micro. and macro-structures for both 
treatments indicated that comparable results cai 
obtained by using the delayed quench procedure. Co 
ing curves obtained from the middle of the unmachi 
bars (two types) were used as a guide to establish 
time in air which would produce the same temperat 
at the center of the bars as was obtained on holding | 
ball socket in air for 85 seconds. 

3. The heat treatment that was successtully est 
lished for the ball socket was as follows: 

a. Holding 314 hours in the furnace at the auster 
tizing temperature, 1700 F (actual temperature of 
castings). 

b. Cooling in air for 85 seconds to a temperature 
1550-1435 F. 

c. Quenching in water. 

d. Drawing at 1225 F for 314 hours. 

Since accurate controls are required and considera! 
preliminary work is involved, the “delayed quenc! 
procedure is best used for light to medium castings p 
duced in volume. This type of treatment was used | 
about 75,000 ball sockets and, later, for similarly hig 
numbers of track shoes, rollers, tow hooks, etc. Thes 
castings ranged from 10 to 40 pounds in weight and 
their design allowed for a proper delay in air witho 
too great a temperature differential being form 
within the casting, just prior to quenching. 

The heat treatment of castings which differ in 5! 
or composition from those described would requ 
modification of the procedure outlined in this pay 
It should always be observed that certain castings ma 
not lend themselves to the delayed quench treatmen! 
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butt! in 1912. An 
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The high zinc-aluminum alloys most widely used 
in Europe contained 10 to 14 per cent zinc and 2 to 
§ per cent copper, largely as a result of the work of 
Rosenhain and Archbutt. In the United States, Zay 
Jeffries and William A. Gibson’ developed an alloy 
containing 10 to 12 per cent zinc, approximately 2 pet 
cent copper, and 1 to 1.75 per cent iron, which was 
used quite extensively during the decennium 1920-30. 
In addition to aluminum-copper-iron-zine alloys, these 
investigators in 1919 also patented aluminum-copper 


* The research investigation that provided data for this paper 
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Aluminum Company of America. This work was 
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taining zinc, Magnesium, and copper as the 
iloving constituents. Aluminum-zinc-mag 
ovs having a preterred composition of 8.0 
inc, 0.5 per cent chromium, 0.80 per cent 
0.10 per cent titanium, less than 0.3 pet 
er, Silicon or manganese and less than 0.8 
ron have been proposed by G. F. Comstock® 
ve been many other investigations of alumi 
Ws containing zinc and magnesium as the 
illoying constituents, but a complete review 
nnecessary 
iper Contains data on the mechanical prope) 
nd-cast test bars having a considerable rane 
magnesium, and copper content and mor 
data on the properties and foundry characte 
an aluminum-zinc-magnesium-coppel alloy 
preferred composition tor high strength and 
The principal portion of the data is on 
hich also contain approximately 0.15 per cent 
um and 0.25 per cent chromium. The tita 
nd chromium were added because they were 
o effect grain refinement and improve resist 


corrosion, respectively, 
Experimental Procedure 


PREPARATION OF THE ALLOYS 


ninum ingot containing 99.75 per cent alumi 

ind the alloy components were caretully weighed. 

waegnesium and zinc were added as such, but 

chromium, titanium, and copper were added in 

ym of aluminum-base riches prepared with 99.8 

cent aluminum. The melts were made tn plum 

1101 hago crucibles in gas-fired furnaces. First the alumi 

copp um was melted down, and then the alloying material, 
xcept the magnesium, was added and melted. 

Ihe melt was fluxed with chlorine for 10 to 15 

inutes, and then the magnesium was added. If a 

iriation in the content of magnesium, zinc, or copper 

is desired, these metals were successively added in 

the proper amounts after each set of the test castings 

had been poured. Each set of castings in the series 

vas then given the same heat number, with the letters 


, ete., attached in the order of pouring. 


lest CASTINGS 


Cast-to-size test bars were made using a 6-bar cast 

ng, a photograph of which is shown in Fig. 10. “These 
st bars are 14-in. in diameter at the test section. The 

test-bar castings used for corrosion tests were Cast 
somewhat oversize and machined to 14-in. diametet 
test section. A casting having heavy sections 

as used to determine the effect of section size. This 
sting is shown in Fig. 1] with the gates and risers 
ittached. Each section is 634 in. long, 4 in. wide, and 
-, and 4 in. thick. 

test section were machined from this casting. 


Test bars 0.505 in. in diametet 


istings were poured from 1350° F unless other 


oted, and all were made in green sand molds 


AGING TREATMEN1 


the castings were made, they were aged as 
ted by the data in the tables or figures. Usually 


stings were aged for 30 days at a room tempera 


10] 
ture maintained at about 85° F. In some instances an 
equivalent aging treatment was etlected by using a 
shorter time at a slightly elevated temperature I hus 


subject is treated more fullv elsewhere in this papel 


CORROSION LeESTSs 


Corrosion tests were made on separately Cast Lest 
bars 1 hie vestigation ol the corrosion ol test bars 
under an applied stress was conducted by using the 
experimental procedure described by E. H. Dix, }1 

Ihe general corrosion characteristics of unstressed 
bars were determined tn salt spray exposures In a man 
ner described by E. H. Dix, Jr. and J. J. Bowmann 
L he equipment used is illustrated by Fig. | and 3 ol 
their paper “Salt Spray Lesting.” Hard rubber spray 
nozzles were employed, and the salt-spray boxes con 
tained six vents each. The air at 40 psi was passed 
through a cleaning tower and then through a wate 
column maintained at 85° F to saturate it at the test 
temperature before it entered the boxes 

Lhe salt spray exposures, maintained at 85° F, were 
\ -0-pet 


cent-salt solution was used for the continuous ex 


t two types, continuous and intermittent 


posure, and a 314 per cent-salt solution tor the inter 
Morton’s Flake Butter Salt being 


used for both types Lhe intermittent cvcle comprised 


muittent ¢ Xposure , 


16 hr. with the box closed and the spray operating, and 
8 hr. with the box open and the spray not operating 

Six cylindrical test bars made in green sand and 
machined to 0.5 in. at the test section were suspended 
from glass rods for each type of exposure In order to 
remove dust and grease which might have interfered 
with the test, the bars were cleaned in petroleum 


ether before starti the exposures 


ig 
TENSILE AND HaArRpNeEss IeEstTs 


Except those made on heavy sections, all tensile 
tests were made on separately cast test bars without 
machining the gage section. Yield strength values 
were obtained at the point of 0.2-per cent deviation 
from the modulus line 

Brinell hardness was obtained by using a 500-ke. 
load and a 10-mm ball. 

Elongation values were determined on a 2-in. gage 
leneth 

Experimental Results 

Lhe experimental results obtained are presented in 
the accompanying tables and figures. The effects of 
zinc, magnesium, and copper content on the tensile 
and hardness properties of cast test bars have been 
investigated over a considerable range. Lhe resistance 


to corrosion of these alloys under an externally ap 


plied stress also has been investigated \ relatively 


narrow concentration range of zinc, magnesium, and 
copper has been more thoroughly investigated in re 
spect to aging characteristics, effects of exposure to 
elevated temperatures, high-temperature tensile prop- 
erties, tensile properties in heavy sections, foundry 


characteristics, and physical properties 


Fkrrecr or ZN, McG AND Cu CONTEN1 


Lhe effects of the magnesium content on the tensile 


strength, per cent elongation in 2 in., vield strength, 


and Brinell hardness of allovs containing 5 to US per 
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cent zinc and approximately 0.4 per cent copper, 0.25 lable I shows, tor three series of alloys o 
per cent chromium, 0.15 per cent titanium, 0.15 per 0.4, 1.0, and 1.75 per cent copper and 4 to | 
cent iron, and 0.08 per cent silicon are shown by Fig zinc, the magnesium content required for tl 
la, Ib, lc, and Id, respectively. Data on similar alloys ment of 36,000 psi. tensile strength and 10 


containing 1.0 per cent copper instead of 0.4 per cent elongation. 


are graphically represented by Fig. 2a, 2b, 2c, and 2d, As indicated in Fig. 5, increasing the zin 


respectively. A third set of data on a series containing increases the tensile and yield strengths and | 


i 
1.75 per cent copper is represented by Fig. 3a, 3b, 3c, but decreases the elongation of alloys contai 


and 3d. proximately 0.35 per cent copper, 0.15 per c 


By the use of curves which represent the tensile 0.08 per cent silicon, 0.13 per cent titanium, 


strength and per cent elongation, it is possible to cent chromium, 0.27 and 0.29 per cent magn 


determine the maximum and minimum amounts ol 

EFFECT OF FE AND St CONTENT 

magnesium at each zine content wich will give desired 
t 1~" > 

minimum values of tensile strength and elongation. lron and silicon may be regarded as impurit 


This has been done for certain values, and the results they do not improve the mechanical properties 


elements invariably occur as impurities in alu 


TRENGT 


are represented graphically by Fig. 4. This figure 


shows the range in zinc and magnesium content at \ccordingly, it is desirable to know the effects 


which minimum tensile properties of 36,000 psi. and impurities on the properties. The available dat 


Table 2, though not extensive, show the ef 


10 per cent elongation, and 34,000 psi. and 7 per cent in 


elongation were attained under the experimental con iron and silicon separately and in combinatio1 


ditions utilized. ‘The former minimum values of ten 6 also shows that increasing concentrations of si 
sile properties are represented by the inside area 

bounded by full lines, and the latter values by the TABLE 1—MAGNESIUM CONCENTRATION AT Var 
entire area bounded by the dashed lines ZINC AND Copper CONTENTS FOR ATTAINMEN) 


Examination of Fig. 4 shows that the higher the zine (6,000 Pst. TeNstte STRENGTH AND 10°7%, ELonoat 





content, the lower the magnesium content for max 
Cu 1.0% Cu 
Optimum Magnesium Con 


Mg., % 


imum combinations of strength and ductility. [he 0.46 
shape of the areas representing the zinc and mag 

nesium concentrations for minimum tensile proper : 
ties of 36,000 psi. and 10 per cent elongation is quite 

similar at each of the three values of copper content 

represented. However, increasing the copper content 

decreases the size of areas representing the range of 

magnesium and zinc for these minimum properties; 

and for a given zinc content, increasing the copper 


requires decreasing magnesium concentration 





Pasir 2—Errecr or IRON AND SILICON CONTENT ON [TENSILE PROPERTIES O} 
Bars oF AL-ZN-Mo-Cu-T1-Cr ALLoys 
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Effect of Silicon Content 
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*The chemical analvsis mav be assumed t \ sample except as noted. 
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Fig. la—Effect on tensile strength Fig. 1lb—Effect on per cent elongation in 2 in 


Fig. 1—Effect of magnesium content on mechanical 
properties of alloys containing approximately 0.4% 
Cu, 0.15% Fe, 0.08% Si, 0.25% Cr, and various 
amounts of Zn. All alloys as cast and aged 30 days 
at 85 F. 
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g. lc—Effect on yield strength Fig. ld—Effect on Brinell hardness 
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EF flect on tensile strength hig. 2h—Effect on per cent elongation ) 


Fig. 2—Effect of magnesium content on mechanical 
properties of alloys containing approximately 1.0% 
Cu, 0.15% Fe, 0.08%, Si, 0.25% Cr, and various 
amounts of Zn. All alloys as cast and aged 30 days 
at 85° F. 
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Fig. 3—Effect of magnesium content on mechanical 


properties of alloys containing approximately 1.75% 
Cu, 0.15% Fe, 0.08% St, 0.25% Cr, and various 
amounts of Zn {// alloys as cast and aged 30) days 


at 85° F. 
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Fig. 3c—Effect on yield strength hig. 3d—Effect on Brinell hardness 
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, PERCENT MAGNESIUM 
—4 68 x 
4622 Me Fig Effect of magnesium content on tensile pre 
4 : hardness of cast test bars of aluminum a 
{56 ng approximately 0.38% Cu, 0.15% Fe, ¢ 
oo 7 ri, 0.22% Cr. and 0.08, 0.19, and 0.3 
1/1 alloys age d 30 days at 85° Ff 
[he resistance to this type of corrosion ts 
a7, 9 sticeably affected by the degree of purity of the 
Ve !- An alloy containing approximately 0.55 per cent 
0.15 per cent iron, 0.08 per cent silicon, 7.0 
cent zinc, 0.15 per cent titanium, and 0.25 per cent 
i omium has Food resistance to this ty pe ot corro 
it is about equivalent to Alcoa No. 43 
sisting of aluminum with 5 per cent silicon. 
has also been found that bars stressed at 75 pel 
he 1 nt or less of the yield strength are not subject to 
nita ntereranular corrosion when continuously 


immersed 


solution of NaCl and H,O., provided the zing 
es not exceed about 7.0 per cent and the copper is 


(i t less than 0.25 per cent or more than 0.6 per cent 


PREFERRED COMPOSITION 


On the basis of the results on tensile properties and 


nce to corrosion previously discussed, an alloy 


ing approximately 0.4 per cent copper, 0.15 


nt iron, 0.08 per cent silicon, 6.6 per cent zinc, 


r cent magnesium, 0.15 per cent titanium, and 


25 per cent chromium was selected for more detailed 


vation. 


AGING CHARACTERISTICS 


le 3 and Fig. 7 show the changes in tensile prop 


ind hardness of cast test bars of 


an alloy 


con 


0.38 per cent copper, 0.17 per cent iron, 0.08 


nt silicon, 6.88 per cent zinc, 0.12 per cent tita 


0.27 per cent magnesium, and 


ium. Three different aging 





0.25 per 


cent 
temperatures were 





.) 


and 2 Ie 


at &)° / 115 I 
F on tensile properties and hardness of cast test bars 


0.17° he 


‘ 


Fig. 7—Eflect of aging time 


} > ‘ 
of an aluminum alloy containing 0.38%, Cu, 


1.08%, Si, 6.882, Zn. 0.12° IT 0.279 Me, 0.23%, Cr 
used, that is, 85°, 165°, and 212° | Lhe curves ol 
Fig. 7 show that the best combination of tensile 


streneth and ductility is attained by aging at 85° | 
It will be 
imately equivalent to one month at 85° fF 


noted that one week at 165° F is approx 


This alloy 
when the time 


overages even at 212° ] at temperature 


is of several months’ duration. Overaging manifests 
itself by a greatly reduced ductility and some drop in 


After 


Is no softening noticeable, but the dus 


vield strength and hardness. three months at 


165 F, 


tility as measured by the per cent elongation ts 


there 
oreatly 


reduced. This might be compensated by starting out 


with a lower magnesium content and higher initial 


ductility 


TENSILE PROPERTIES IN HEAVY SECTIONS 


labk | 


heavy sections of an alloy having about the preferred 


contains data on the tensile properties in 


composition referred to above I hese data clearly 


show that a very high percentage of the properties 


contained in separately cast test bars is obtained in 


bars machined from this 18-lb. casting having sections 
1, 2, and 4 in. thick 
Hicu- TEMPERATURE [TENSILE PROPERTIES 
Ihe tensile strength and elongation of an alloy 


containing 1.06 per cent copper, 16 per cent iron 
0.08 per cent silicon, 6.89 per cent zinc, 0.13 per cent 
titanium, 0.26 per cent magnesium, and 0.27 per cent 


chromium at 200°, 300°, 400 500°, and 600° F are 
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Paste 3—CHANGE IN ‘TENSILE PROPERTIES OF Casi shown by the data in Table 5. The elon: 

Test Bars oF AN At-Zn-Mo-Cu-1Tt-Cr Attoy Wrirn room temperature for the particular lot of t : , 

AGING Time av VARIOUS TEMPERATURES mens used for the determination of these ¢ ity 
7 those of Lables 6, referred to in the next Pai agr 
ca : ~/ 

Me Nites “Whaabtainus Ys rs. © El BHN is lower than normal for some unknown yea 

Nevertheless, the conclusion is probably jus: ified 

559% | hour after casting 6550 20875 21.2 34 that the high temperature properties of this twp 
559* 3 days at 85°F, 15375 30425 13.3 56 alloy are somewhat inferior to those of many ppc 
559" 7 days at 85°F. 7575 33350 13.8 6 i I 
gt si sicles wba coe eee 13.8 day commercial aluminum-casting alloys. 
he 3] davs at 8&5 20325 ss575 10.4 Hh ‘ 
$59* 60 days at &§ 21250 sSRO0) 10.7 73 

‘ P44 ‘ e n » 5 > 2 ' 

$59* 90 davs at 85°F. 31925 35995 9.6 73 EFFECT OF PROLONGED EXPosuRE AT 300° AND {00 
§ 5Q* ) Peo 72 tod * rs 7 . 

} 182 days at 85°F. 23100 37850) II. 4 lable 6 shows the effect ol prolonged ex posuy 

§559* 307 days at 85°F. 23200 37800) 10.5 72 3 

. 300° and 400° F on the tensile and hardness pro), 

559* | hour after casting 6550 20875 21.2 34 ties of the alloy referred to in the preceding py 
559* 214 hours at 165°F. 10675 24675 16.8 43 graph. These data show that exposure to sy 
559* 9 hours at 5k 7100 31500 ‘7 

. : urs a a 4 Adon 3150 . / 6l temperatures has an adverse effect on the poo) 
559* 68 hours at 165 Fk. 20975 33550 0, 69 " . 

55% 6 dave ac 165°R. 23675 35850 10.0 1) temperature tensile properties because of the o 
559" 10 days at 165°h 24600 36250 9.0 70 aging effect. 

§59* 14 davs at 165 k. 26600 37375 9.2 77 
5 S59* 21 davs at 165°F. 26600 I7 700 8.3 7 Lrree I OF EXPost RE TO A LEMIPERATI RI 
$59* 31 days at 165°F. 28000 37100 6.7 80 NEAR THE MELTING POIN1 
$59" $5 davs at 165°F. 28450 37900 Fas 79 - ; ; 
559° 60 days at 165°F. 28800 38500 7.7 ee Aluminum-zinc-magnesium-copper alloys can by 
§59* = 90 days at 165°F. 30000, 38525) 6.2 84 heated to temperatures near the melting point withou: 
a eae a marked adverse effect on tensile properties. Tal 
559” | hour after casting 6550 JORTS 21.2 34 ot ; e : 
sce 5 Scans de BASS 10825-23875 «14.0 4] 7 shows the effects of reheating a specifi alloy 
559* 20 hours at 212°F 17125 28725 9.5 56 temperatures from 900° to 1120° F, air cooling, a 
559* 69 hours at 212°F. 21525 31975 8.2 66 re-aging at room temperature. These data show | 
559* 6d 212°F $325 34800 C7 v2 ° . . 

All ia anys at os 4 rotcined — 5S reheating to 900° F has a slightly adverse effect 
S59 Q days at 212° Ff. 26825 34725 ..0 5 . : . , 
559* 14 days at 212°F x755) 354287 a7 the tensile properties, where as reheating to 1050 
559* 21 davs at 212°F. 26300 35300 7.8 75 to 1120° F does not affect the tensile properties. 0 
559* 31 days at 212°F. 29025 35350 5.0 77 course, when this alloy is reheated to such temp 
559* 6 days at 212°F 29050 34900 5.7 8 . . 

“pind - a at ie 4 tot seine : 81 tures, the tensile properties are about equivalent 
S59 60 davs at ZI12 Ff. 286 Ri 6.5 a ‘ ‘ ‘ 

559* 70 davs at 212°F. 22650 34600 5.3 7 those obtained immediately after casting, and 
; . ; ‘ aging is necessary to restore them. Lhe amenability o 
*The analysis of these bars was as follows: 0.38, Cu., 0.17% h 5 , : . 
Fe., 0.08; Si., 6.88% Zz., 0.12% Ti., 0.27% Mg., 0.23% Cr. these alloys to reheating to a high temperature make 
Sa o we them attractive for use in furnace-brazed assemblies 
These test bars were placed in boiling water. The resulting 


extremely slight corrosion after long exposure probably has 
5 . = I PROPERTIES 


contributed to the apparent adverse aging effect under these 


MECHANICAL AND PHYSICAI 


conditions. 





rasLe 4—T 


ENSILEI 


PROPERTIES OF 
lest BARS AND IN HEAVY SECTIONS POURED FROM 1350° F AND AGED | YEAR At 85° F 


Using the experimental conditions outlined, 


aN AL-ZN-Moc-Cu-Cr- Tt ALLOY* IN SEPARATELY 








CASI 
Section 7.5 J 
Heat Thickness, - B.H.\ 
No. Aging Treatment Casting In. Min. Aver. Min. Aver Min. Aver. Aver 
366 1 vear at 85°F. 6-bar 0.5 24600 24750 36000 37600 7.5 8.8 4 
step 1.0 22000 22230 26750 30450 2.35 5 7 
2.0 20600 21500 34200 37200 4.35 16.2 i 
4.0 14550 18600 22500 32900 a5 16.2 64 
365 ! vear at 85°F. 6-bar 0.5 25400 25600 38300 39450 2.5 9.6 80) 
step 1.0 23300 23550 34700 35800 7.5 17.7 4 
2.0 16850 17900 31700 32900 13.0 14.6 bs 
4.0 13400 17500 16150 30400 3.5 9.6 6% 
413 60 davs at 85°F. 6-bar 0.5 19100 19600 35800 36100 12.5 14.4 2 
step 1.0 18900 19500 321006 33400 9.5 10.5 ) 
2.0 18500 20100 33100 36600 11.0 15.7 
4.0 18900 19900 32800 35700 9.0 13.9 0 
*The analvses are as follows: 
Heat alloy containing approximately 0.35 per cent coppel 
aan o Cu.) % Fe.) % Si. | % 2a.) % Ti. |% Me.| “% Cr. 0.15 per cent iron, 0.08 per cent silicon, 6.6 per cem 
366 0.33 | 0.17 | 0.08 | 7.08 | 0.16 030 .026 zinc, 0.15 per cent titanium, 0.33 per cent magnesium 
365 0.34 0.17 0.08 7.02 0.18 | 0.33 0.26 and 0.25 per cent chromium may be expected » have 
, 7 3 ? 8 ? 0.95 . . . <— 
i Oud? | C.SF | GOS | Sees | Ee | ee) See approximately the following mechanical and physic 
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| Photom«u rograph at x100 of an alloy con 


- 

Mire gutay} 

imo, ttt, CIF%, ke, 0.13% S?. 7 029, Zn gray constituent alpha 1/-Fe-Si The rounded light 
/ 0.29' Ve and 0.30° Cr. Keller's etch. (B 


é > gray constituent is Cu 1/.. rosettes. Unetched Compo 
graph at V/00 of an alloy containing sition similar to that of (B). (D) Same as (C). Etched 

} Cu 0.179, ke 0.087, St, 1029, Zin, 0.189%, 7 vith 10°, NaOH solution n wate? The Cuadl 
on Ve and 0.26, OF Keller's etch (GC) Photo 


micrograph at x500 showing the elongated 


rosettes Vv ¢ / oht and thre alpha 1/-Fke Sr constituent 


’ , 
is | LacrR 





vs 9—The six-bar casting with gate and risers Fig. 10—The 
attached. 


step casting with gate and risers attached. 
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Taste 5—HicH [TEMPERATURE PROPERTIES OF CAST 

Test Bars OF AN ALLOY CONTAINING 1.06% Cu, 0.16% 

Fr, 0.08% Si, 6.89% Zn, 0.13% Ti, 0.26% Me anv 
0.27%, Cr. 





lime at B.H. 
Temperature Temperature /- * oa &% El is 
Room 6 months 27800 38400 5.5 82 
200° 1 ly hour 32100 10.5 66 
200° F. 3 davs 33450 8.5 71 
200° F. 10 davs 35800 5.0 79 
20°] 25 davs 37900 4.5 86 
200°} 50 davs 37ROO 3.45 R6 
00°} 100 days 36400 . 9] 
;00°R, ly hour 25800 9.5 58 
300° KF. 4 davs 29100 6.5 78 
iO Fk, 9 davs 27000 8.0 68 
300 °F, 25 davs 23700 8.0 62 
00°, SO davs 22200 9.5 59 
jO00°F, 100 davs 20700 8.0 49 
400 Ff, ly hour 19700 10.5 56 
400° F. 2 days 14570 35 49 
$00 °F, 5 days 13650 16.5 48 
400°F. 10 days 12500 18.5 45 
400°F, 25 days 12250 18.0 45 
400° F, 50 days 11800 15.5 4] 
500° F. 'y hour 11300 23.0 49 
S00°F, 3 days 8700 33.0 43 
500°F. 5 days 8300 20.0 43 
500° FR. 10 days 8550 30.0 41 
500° FR, 25 davs 8050 28.0 43 
S00°F, 50 days 7800 33.0 40 
600° F ly hour 6400 29.0 42 
600° FR, 1 day 6000 41.0 40 
600°F, 5 days $500 32.0 41 
600°F 10 days 5500 38.0 40 
600°F. 15 days 5400 39.0 39 
600° F, 25 days 5500 39.0 42 


*Brinell Hardness tests were made at room temperature, after 
the high temperature treatment indicated in the table. 





properties in separately cast test bars poured in green 
sand and aged 30 days at 85° F. 

Yield strength, psi. — 21,000 

Tensile strength, psi. — 36,000 

Elongation, per cent in 2 in. — 10 

Brinell hardness — 66 to 70 

Endurance limit, psi.* — 7500 

Charpy impact value, ft.-lb.** — 3.5 

Solidification range — 652° C (1266° F) to 610° C 

(1130° F) 

Specific gravity — 2.81 

Electrical conductivity, per cent 1.A.C.S. — 29.5 

Inasmuch as iron and silicon concentrations of 0.15 
per cent and 0.08 per cent, respectively, probably 
cannot be maintained in ordinary foundry practice 
with aluminum of the purity at present generally 
available, it is to be expected that minimum specifi- 
cation values for mechanical properties of this type of 
alloy must be considerably lower than those given in 


* R.R. Moore rotating beam type of machine, 500,000,000 cycles. 
** Modified Charpy impact machine, 10 mmx 10 mm keyhole 
type, drilled and sawed, notched specimens, section back of 


~ 


the notch 5 mmx 10 mm, 5.07-lb. hammer. 
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the foregoing. Ihe highest-purity aluminu 
alloys at present in commercial use are pri 
maximum silicon concentrations of about 
cent. Under similar conditions, it is believed 
type of alloy could be produced to minimu 
specifications of 30,000-psi. tensile strength a) | ¢ 
cent elongation, Lhe properties of the alloy 

less sensitive to iron concentration, and a yp 
somewhere between 0.5 per cent and 0.75 
probably will be found permissible. 


MICROSTRUCTURE 


The microstructure of the aluminum-zinc may; 
sium-copper alloys are illustrated by the photomiq 
graphs (Fig. 8, 8b, 8c, and 8d). Phe compositions 
the alloys photographed are given in the captions | 
these illustrations. Figures 8a and 8b show simi 
specimens cut from the cope side of 4-in. sections 
the step casting illustrated by Fig. 10. The al) 
shown in Fig. 8a contained 1.05 per cent copper, \ 
that in Fig. 8b contained 0.34 per cent copper. | 
Fig. 8a the dark areas brought out by Keller's etc 
are rich in copper and they also contain light partice 
of CuAl, precipitate. The lower copper alloy sho, 
by Fig. 8b does not have a noticeable amount o 



















solic 
nize 
OccU 
othe 
bee! 
Dix, 
copper segregation. Such structures are usually accon 
panied by superior tensile properties in heavy sections 
or in castings otherwise subjected to abnormally slo 





solidification. This type of structure also appear 
more resistant to corrosion than one exhibiting pay a 
ticles of copper constituent. There is a considerab) — 
difference in the grain size between the two specimen tee 
of Fig. 8a and 8b, probably due in part to the hig! ‘ 
titanium in the finer-grained specimen and in part t 
the inevitable variations in the structure of castins 
However, the specimens illustrated are fairly typical of a 
the effects of the amount of copper content on thi wee 
microstructure in heavy sections. In chilled sections Bi 
or light sections where solidification is more rapid e~ 
this type of copper segregation is less pronounced. wn 
In general, the high-purity alloys of the composition & by 
photographed consist essentially of a solid solutior ihe 
which is subject to precipitation hardening at low & ' 
temperatures. Only a very small amount of visibl 4 
undissolved microconstituents occur. The principal Da 
microconstituents which form visible particles in al alre , 
loys of the composition photographed are the Al-Fe-S ae 
taine 
Tasie 6—Errecr oF Exposure To 300° F anp 400° I rt 
ON Room TEMPERATURE TENSILE PROPERTIES OF CAST Dut i 
Trst Bars oF AN Attoy Contatnine 1.06% Cv. RO“ 
0.16% Fr, 0.08% St, 6.89%, ZN, 0.13% Tr, 0.26% Mc J |" 
AND 0.279% Cr. wy 
it is 
| alum 
Properties intric 
Treatment SPAT y ee: | ; ifficy 
| ¥.S. | T.SJ7| % El. | BAN 
6 Mos. at R.T. enews 27800 | 38400 $.5 82 
2 Mos. at R.T.+100 days at 
300°F.+2 Mos.* at R.T.**, 20200 | 28050 | 5.7 6 It | 
2 Mos. at R.T.+ 50 days at preter 
400°F.+3 Mos.* at R.T.** 13700 | 26600 7.7 4 eatin 
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EFFECT OF EXPOSURE TO BRAZING [TEMPERATURES AND REAGING AT Room TEMPERATURI lests MADE 
on Cast [Test Bars CONTAINING 
0.38°, Cu, O.17°%% Fe, 0.08°% Si, 6.87% Zn, 0.119% Ti, 0.26°, Me, 0.2 C1 
I eatme \ > iS | B.H N 
I ( ; 
| ? 100° | 0 RS] ( ( 4 
k., 2 hours a ISO°F., 0 da it 85°} SOK } 
| 2 hours at 10O0O°F., + 30 davs at 85°} SK () 
} hours at 1050°F., + 30 davs at 85°] HOM 46 ) . 
| 21 1100°] 30 davs R5°} 900 SOM 
| ? | it 1120 k.. 4 st) a sat 85 } +H) S00 





nts which usually occurs at the grain bound 


it may not occur in the typical “Chines 


rm, probably because of its small amount 
all amount of CuAl, particles occur within 
final 


or at the grain boundaries where the 


ition took place. Some Mg,Si particles, recog 


nder the microscope by their bluish color, 


isolated particles or in conjunction with the 
nstituents. Lhe constituents in the alloy have 


lentified by the methods outlined by EF. H 


Dix, Ir. and F. Keller13, 
FOUNDRY CHARACTERISTICS 
\lthough the foundry experience obtained on an 
minum-zinc-magnesium-copper alloy having the 


rred composition mentioned above is not exten 
some estimate of their foundry characteristics can 
made 
It has been well established that the tensile proper 


s ol test bars or of bars machined from. 1-in. 


ctions are not affected by pourin,, 
een 1300° and 1450° F. When the pouring tem 
is lowered to 1250° F or raised to 1500° F, 


temperatures be 


rature 


i very slight decrease in tensile properties occurs. 


[he fluidity at 1350° and 1450° F has been deter 


ined in the manner formerly described!2 and found 
allovs 


inferior to many aluminum 


ww in use. However, this difficulty can be offset by 


mploying a slightly higher pouring temperature since 


» adverse effect is encountered by this procedure. 
Data on tensile properties in heavy sections have 


dy been presented, and it was previously noted 

ita high percentage of test-bar properties is ob 

] 

[he alloy must be well risered to prevent shrinkage, 

it in this respect it does not differ from some alloys 

w In commercial use. 

[he foundry characteristic which probably would 

use the most trouble is hot-shortness. In this respect 
tbout as subject to hot-cracking as some of the 
num-copper alloys now in use. Therefore, very 
ite types of castings might be expected to be 

fheult to produce in this alloy. 


WELDING AND BRAZING CHARACTERISTICS 


It has been pointed out that the alloy having the 


referred composition is not adversely affected by 


‘ting to a temperature near the melting point if it 


is allowed to re-age subsequently. Furthermore, the 


attained with 


high-tensile properties of this alloy are 


it can be 


out heat treatment so that, in consequence, 


welded as readily as the other as-cast alloys and will 


alloy also 


still retain its high tensile properties 1 hie 


is readily furnace-brazed, since a brazing temperatur 
1100° F can be 


iInum-zinc-Magnesium-copper typ ol 


up to used. Accordingly, this alum 


ailoy presents 


the possibility of utilizing welded and brazed assem 
blies of castings having exceptionally high strength, 


toughness, and resistance to corrosion 


Summary 


Ihe tensile properties of aluminum-zinc-magne 


sium-copper alloys have been determined over a rang 
of 0 to 1.75 per cent copper, 3 to 13 per cent zinc, and 


0 to 1.0 per cent magnesium. An alloy containing 0.4 


per cent copper, 0.15 per cent iron, 0.08 per cent sili 
‘>, 


con, 6.6 per cent zinc, 0.55 per cent magnesium, 0.25 


cent titanium ap 


per cent chromium, and 0.15 per 
pears to have the maximum combination of strength, 


ductility, and resistance to corrosion and has been 


investigated in greater detail 
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DISCUSSION 


Chairman HikaAM Brown, Solar Aircraft Co., Des Moines, 
lowa 
Co-Chairman H. R. YOUNGKRANTZ, Apex Smelting Co., 


Chicago 


Fk. H, Hotzwortu Written Discussion [his 


sented by L. W. 
ficial clement in castings of 


papel pre 
Eastwood seems to stress copper as a bene- 
this alloy group. This may be be 
cause there is no comparison with copper-free alloy of the 
thousand tests, we have found 
copper has no beneficial effects and tends to embrittle 


Copper cannot be considered by itself, but rather 


same composition. In several 
that 


the alloy 


in conjunction with other impurities such as silicon and 
manganese. We have found that the lower the silicon, man 
ganese and copper content, the higher the elongation and 
yield strength, and copper does not increase the tensile 


strength. We have found that copper plus silicon plus man 
ganese should not be over 0.75 per cent maximum 
The proper ratio of zinc to magnesium may be changed so 


as to allow a smail per cent of copper to be substituted for 
magnesium, but we have found no beneficial effects from this 
procedure We find that by proper control of the zinc mag 


nesium ratio, higher combination of physical properties are 


than can be obtained by the substitution of coppe1 


magnesium. 


obtained 
for part of the 


We first allowed O04 per cent copper as a maximum and 
later found it advisable to reduce this allowance to 0.3 per 
cent) maximum, preferring the alloy as near copper free as 


possible 


Some examples are shown below. In this group we prefer 


the analysis as shown in example 16-52 where copper, silicon 
and maganese are low. 
Heat No. T.S.,psi Y.S.,psi % Zn Mg Cr Ti Cu Si Fe 
Elong. 
C141 $2,000 32,800 3 11.84 0.39 0.41 0.20 0.10 0.22 0.28 
C143 39 NOD 28.800 1 6.44 0.71 0.45 0.21 0.12 0.25 0.29 
$12 37.200 28,000 3.5 5.10 0.59 0.57 0.20 0.18 0.08 0.22 
16-521 39,000 26,000 8 5.35 0.54 0.53 0.15 0.08 0.10 0.22 
118-16 36.900 6,600 5 §.33 0.56 0.55 0.19 O.O8 0.13 0.26 
S 2 38,000 26,404 55 7.84 0.39 0.50 0.18 0.12 0.14 0.41 
S4 37,000 28,600 5 4.38 0.77 0.51 0.17 O.12 0.14 041 
The above heats, some made for experimental work and 


some made in regular practice by different foundries, compare 
with properties shown in the presented paper. 

Comparing Fig. la, 1b, Ic, 1d with Fig. 2c, 2d 
using the 6 per cent zinc graph, tensile strength is approxi- 
mately the same, yield strength is higher with larger per- 
centage of copper, and elongation decreases with the increase 
in copper. Figure 4 illustrates how the increase copper con- 
tent limits the scope of the maximum physical properties. 

On corrosion tests we show the following results. 


2a, 2b, 


’.S., psi Y.S., psi Elon., % 
Start of test 37.500 23.600 10.2 
After 6 months in salt spray 36.500 27.400 43 


were as follows: 
0.60: Fe—0.58: Ti—0.28: Cr.—0.53 
tests were run by the University of 


\nalvses 
7n—5.48; Me 
Elevated temperature 
Michigan and were for 1000 hr at indicated temperatures 


Y.S., pai 
Temp. °F T.S., pes 2% Offset Elong., % 
Qs 34.9000 »9.000 25 
175 33.800 29.000 3 
0 250 26,700 3.5 
< 19.700 17.000 7 
40 13,225 10,900 15 
Hiram Brown (Written Discussion):? First of all, I should 


like to congratulate the authors on an excellent paper which 
did much to bring to prominence the very useful aluminum- 
zinec-magnesium alloys. 


Niagara Falls, N. Y 


lowa 


1 Frontier Bronze Corp., 
2 Solar 


Aircraft Co., Des Moines, 


ALUMINUM-ZINC-MAGNESIUM-COPPER Casriyy 


to submit a few 


I should like 


data in the paper 


comments to supp 
Ihe paper states that chromium 
to improve Both Walter Be 
myself in previous papers have pointed out that cl 
In tests 


corrosion resistance. 
alloys of this type also improves strength. 
on alloys of identical composition, except for chro 
tent, it was found that when 0.4 per cent chromiun 


to a chromium-free heat of the following composit 


/n My C1 ke Cu Si Mi 
5.53 0.57 0.37 O08 0.17 
yield strength increased 12.3 per cent, tensile increased 


per cent, and elongation increased 42 per cent. 
Subsequent addition of titanium to this heat did 
physical properties but refined the grain and redu 
what the tendency of the alloy to hot crack. 
Ihe presence of lead in exceedingly small amounts js 
detrimental to physical properties. 


Calcium in small amounts has bad effects 


upon 
physical properties and the casting properties. 

It is interesting to point out that in Fig. la, lb, le. a; 
alloys containing 8 per cent zinc and 0.4 per cent magnes 
and 5 per cent zinc and 0.5 per cent magnesium respect 
both have high strength. However, the tensile strength 
gation ratio indicates that the proportional ductility is 
higher in the lower zinc higher magnesium alloy. By dividing 
per cent elongation by the psi tensile shown on the cur 
mentioned above it is found that for each 1000 psi tensil; 
S per cent zinc, 0.4 per cent magnesium alloy has 0.17 
cent elongation while for each 1,000 psi tensile the 5 pe 
zinc, 9.5 per cent magnesium alloy has 9.324 per cent 
tion, or 80 per cent greater. Where ductility is a factor 
as in applications involving shock, it might be better + 
the lower zinc, higher magnesium alloys. 

It is that the properties of alloys 
taining various ratios of zinc and magnesium are so predictat 
that which show 


magnesium necessary to maintain uniform physical propert 


interesting to note 
curves can be drawn 


over a wide range of composition. 

Ihe authors may be interested to know that other cury 
more linear nature have been drawn to show this 
One curve was boiled down to an equation several years 


relat 


the ratios of zinc a 






COPPER 


rERCENT 


but has only recently been published. The equation is Y=KA 


where Y=% magnesium, x—% zinc, A—0.85 and K 


If this equation is applied to zinc and magnesium in the ranges 


of 1.5 to 14 per cent zinc and 0.15 and 1.7 per cent magnes 
the resulting alloys will give in excess of 32,000 psi tensili 
3 per cent elongation with commercial impurities present 
values from this equation are plotted to form a curve, t! 
two additional curves spaced from this main curve by + 1’ 
cent of the zinc values or = 15 per cent of the magnes 
values will give limits of composition which will give mini 
values of 32,000 psi tensile and 3 per cent elongation. 1! 
figures are based on copper content of 0.4 per cent or less 

R. A. Quapt 


(Written Discussion):* For the past 


vears the Federated Metals Division of the American Smeltir 


& Refining Company has been marketing a high-strengt! 
cast aluminum alloy called ““Tenzaloy”. This is an alumi 
alloy containing nominally 8 per cent zinc, 0.8 per cent 
It also contains about ” 
and usuaily contains 


per, 0.35 per cent magnesium. 

cent titanium for grain refinement 

per cent chromium. 
This alloy has the 


alloy described in the present paper. 


self-aging characteristics | 


In arriving at t! 


same 


composition the various investigations on the aluminu 
zinc—magnesium—copper system produced results wit! 
gard to mechanical properties that check exactly with t 


presented by the authors. 


] 


iV 


The authors are to be complimented for the excellent dat 


presented that prove the mechanical properties that 
expected from this class of alloy under the various condit 
However, it is most unfortunate that, with res 
paper a number of very cel 


indicated. 
to corrosion, the contains 
statements, but a disconcerting lack of data are pres 
substantiate them. This is particularly unfortunate in 
of these alloys since by tradition and reputation these 4! 


* American Smelting & Refining Co., Barber, N. J 
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PERCENT ZINC 


opper and wine contents ¢ esistance It of other elements are of more sienificance than the zinc alone 

NaCl-hydrogen peroxide 14-day test {lloys My only questions with regard to this paper concern cor 

oximately 0.15% Fe, 0.08% Si, 0.15% Ti, 0.0 07 rosion. I would like very much to have answers and data on 
copper and nc contents as indicated, and witil the followings 

ntents controlled hy the pti wn inc to mat l How significant is the eflect of 0.25 per cent chromium 

on the corrosion resistance of the alloy. Is the improvement one 

mium in the range indicate id no measurable of appearance, weight loss, or improvement in residual mechani 

resistance to stress corrosior n these tests cal properties and is this improvement persistant over an ex 

tended corrosion period such as several years or, as is often the 

unsavory past There is very littl data on the case, after a lone period of exposure does it become impossible 


to differentiate between the two types of alloys 


ns that the bad reputation that zinc holds in alum 2. With regard to the effect of | per cent copper as con 


§ not entirely justified. Very likely the quantities pared to 0.55 per cent copper, again is the difference with 


lthough in the past few years there have been some 


re 
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gard to initial appearance, weight loss, mechanical properties 
and is there a significant diflerence over an extended period 
of time. The statement mentioned by the authors is not a 
definite one and it is important to determine whether or not 
the diflerence is of a significant order of magnitude 

My next questions have to do with the stress-corrosion char- 
acteristics. In view of the statements made by the authors, 
would an alloy of their preferred composition but with 8 per 
cent zinc, stress corrode at 75 per cent of the yield strength? 
Under the same conditions, would the preferred alloy, except 
containing no chromium, stress corrode? Also would an alloy 
of their preferred composition but containing no copper stress 
corrode when loaded at 75 per cent of the yield strength in 
their corroding medium? Also would an alloy of their pre- 
ferred composition but containing 0.8 per cent copper stress 
corrode if loaded at 75 per cent of the yield strength? 

Finally, I would like to offer a few comments with regard 
to the effect of copper and chromium on the foundry charac- 
teristics of the alloy. It is very useful to specify a small 
quantity of copper, under | per cent, in order to permit reduc 
tion of the quantity of magnesium that is required to produce 
the desired mechanical properties after room temperature 
aging. At the authors show, the higher the copper, the lower 
the required magnesium to produce equivalent properties. 
Since there is undoubtedly an upper limit with regard to cop- 
per from the corrosion point of view, a small amount of cop- 
per appears desirable. As any foundry metallurgist knows who 
has worked with alloys of this type, the smaller the amount 
of magnesium in the casting alloys, the fewer the problems 
with regard to dross inclusions. 

Also as any foundryman knows who has attempted to use 
casting alloys with 0.25 per cent chromium or more, it is 
difficult to get the chromium into solution and usually stirring 
has to be employed. In alloys of this type agitation of any 
kind, and especially that produced by stirring, is likely to 
produce unhappy results with regards to dross inclusions 
Chromium segregation is quite pronounced when it is as 
high as 0.25 per cent and from the foundry point of’ view it 
would be desirable to have the chromium lower than that and 
perhaps only require as much as can be readily kept in solu- 
tion without resorting to stirring. In our tests this appears to 
be in the neighborhood of 0.1 per cent or perhaps 0.15 per 
cent. It is for this reason that chromium should probably only 
be specified as a maximum in this alloy since it apparently 
does no harm, and before it should be required as an important 
alloving ingredient it should definitely be proved that it has 
a significant effect on long time corrosion resistance properties. 


Dr. EAstwoon’s REPLY 


Dr. FEastwoop: I do not believe there is anything too 
controversial in the remarks by Mr. Holzworth, except those 
on the effect of copper. As I recall it, we actually do get a 
slight improvement in tensile strength by additions of a few 
tenths per cent of copper to the optimum composition, namely, 
one containing about 6.6 per cent zinc and 0.33 per cent 
magnesium. The main purpose of the copper, however, is not 
to improve the tensile strength, but to improve its stress- 
corrosion characteristics in the sodium chloride-hydrogen per- 
oxide test. This test has been described by E. H. Dix, Jr., in 
his paper entitled “Acceleration of the Rate of Corrosion by 
High Constant Stresses,” Trans. AIME, vol. 137, p. IL (1940). 

Using this hydrogen peroxide-sodium chloride stress-corro- 
sion test, we can definitely show an improvement in stress-cor- 
rosion characteristics if the copper content is about 0.4 per 
cent. This is illustrated by Fig. 11, showing the effect of 
copper and zinc contents on the resistance to stress corrosion 
in the salt-hvdrogen peroxide 14-day test, using specimens 
stressed at 1600 psi. This figure includes recent data obtained 
by the Aluminum Research Laboratories. Copper is not added 
for improvement in tensile properties but, fortunately, at 0.4 
per cent copper the tensile properties are not harmed by the 
copper addition. 

With reference to Fig. 11, a few points on the graph at 
about 9 per cent zinc represent specimens that received less 
aging than the others. These specimens failed and would have 
failed also if they had aged as long as the other specimens 
Increased aging, at least up to 1 year at 85 F, causes alloys of 


ALUMINUM-ZINC-MAGNESIUM-CopPER Castin. A), 


this type to become more susceptible to stress cor: 

Test results on alloys both with and without 
cent chromium addition were included in Fig. 1] 
cedure was employed because comparable resistay 
corrosion was obtained ou like alloys regardless 
this amount of chromium was or was not present 


D. Bascu: * This 40E alloy as it is commercial], 4 
the present time, was originally based on a patent 
General Electric took out under the name of Fulle; 1} 
in 1927, the first of a series of aluminum-zinc-mag 2 
alloys now on the market. It had exactly the same 
as the alloy that has been described in the authors De " 
cept that it did not have chrome and that no defini 
of Ulanium were proposed. When Frontier Bronze ‘ 
before Word War II, came out with their alloy, 
the G. E. composition chrome and titanium, we S 
Electric realized that they offered some advantage 
made arrangements with them whereby we dropj: 
sible patent entanglements in return for shop rights ; 
in a further prosecution of the alloy. By the time th; 
Eastwood and Mr. Kempf had published their paper, Ge; 
Electric had already done a great deal of development 
and if Dr. Eastwood will remember, when the seal of s 
was placed on the Eastwood-Kempf paper during the y 
the National Advisory Board, we (General Electric) ad seq " 
the Board that we had already obtained all the data | 
the issuance of the Eastwood Kempf paper by our « 
pendent research and the National Board nevei disputec 
statement. 

I want to bring that out to point out the alloy is of 
erably greater age than it would appear from this pape: 
course, a great deal of work has been done since that 
was prepared. For instance, it has been found that w 
now get aluminum ingots with better purity than 0.25 
cent silicon, which in that paper was pointed out as the 
mum obtainable commercially at that time The zin 


sium ratio in its effect on properties has been studied 
optimum values have been established. The remarks that M 
Holzworth made about the addition of copper I can fully 
scribe to because we have also investigated the stress cor 
of that alloy. It has been found that as long as zin 
magnesium does not exceed 6 per cent, and with the addit 
of chrome, stress corrosion is practically eliminated. T! 
been corroborated by investigations of German scientists 
which you will find many references in the literaturé 
One thing that I missed in the presentation of the 
is some of the commercial features of that alloy. The Front 60 
Bronze Corp. who are handling that alloy at the present ti 


since General Electric only uses the alloy in its own plant a Ga 


does not sell it to anybody, have actually produced well o as 
15 million pounds of castings of that alloy since its incipier 
An alloy of that sort, with its definite disadvantages of poo 
fluidity and castability and its insistance on high purity 
must have some definite advantages to warrant such 
production. 

I think foundrymen are interested in why they should 
the alloy. In addition to high corrosion resistance, ab 
regain original high strength after exposure to welding 
brazing temperature through simple air aging, advantag 
realization of test bar strenth in heavy sections, three ot! 
distinct advantages should be cited. First, the eliminatior 
the high temperature quench necessary for heat treated | 
strength aluminum alloys, aside from the commercial 
vantage of saving time, equipment, space and control requ 
for solution: treatment, obviates the danger of warping 
distortion especially in spidery castings and castines w! 
section thicknesses vary. Secondly, 40E alloy is outstanding 
its machinability. In that respect it compares with the 
magnesium content aluminum alloys. Third, in shock 
tance it is again outstanding and that is one of the re 
Navy Department in many instances had castings ma 
10E alloy. I am not referring to shock resistance as eva 
by a Charpy test although even there it is better tl 
195, 356 or 355. A Charpy test usually runs concurrent wit 
elongation, and it simply determines the foot-pounds «t w! 
a certain sample breaks, but it does not bring out 


he 


*Almin Ltd. of Great Britain, Schenectady, N. Y. 


it they 
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ally under such applications as the Nav 


ft are interested in. Deformation of a part be 
iv be worse than act ial breal ive, Decause 
sted pparatus the detor tion ol I part 
ssible to use the apparatus and may make repa 
is so dithcult that t cannot rc comp ed 
peration that it 1s intended 
shock tests that determing thie esistence ot tl 
ition were conducted by ctually detonatin 
n test samples high explosive mixtures which had 
nd rapid surge of shock forces, such as yor 
r instance, when a mine is exploded under wate! 


or wl 


I was 


ien a bomb is dropped on the deck of a 


General Electric Co. we wer 
Navy to investigate that par 


with the 
me by the 


Charpy and explosion tests were made and we 


o $20,000 in the investigation of that particular 
tests showed that the 40E alloy actually is 
superior to alloy 195, 356, 43, 108 or |] 
only to alloy 22 
trvil to sell you the alloy, because I have m 
terest in it. I have spent over 20 years handli 
stigating it with funds supplied by the General 
nd afterwards in conjunction with I H. Hol: 
feel that the foundry industry should take 
f the alloy and should realize its possible id 
have spoken primarily of 40E alloy because that 
sition I am most familiar with, but similar claims 
be made for other compositions of the aluminur 


serie 
ns shoul 


It does 


commercial alloys Alloy 


s brought out during recent years 


d it be assumed that 40E alloy is a general 


40E has certain dis 


} 


not cast so well as alloy »9I6, 1t costs 


more 


iminum-silicon alloys in ingot for So it would 
mercial and engineering policy to 1S¢ t wher 
the requirements of your job with some of tl 
but where the specif properties thie specili 
f 40E alloy are demanded then 40E alloy may be 
nd foundrymen’s best choi 
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ry small area. For | per cent copper it 1 
authors show that 


e in the paper do the 
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CAUSES OF RAT-TAIL CASTING DEFECT 


A.F.S. Committee on Physical Properties of lron Foundry 


Molding Materials at Elevated Temperatures 


IBSTRACTI 


/ i ena is S i 
a u ol ditlerer sa Is / r dicati 
uM é pe ive f thie iota vree) ene ne Ml 
nie? ¢ sand we ’ a ‘ is / i aus. Since 
i cu ’ tght castin ( ’ 1 nferre 1 
es ne a De healer 1 ‘ ‘ ha 
Ue ause re u/s 
Two sand pre les appr “ va ee elated Oo thie 
ene if 1 sa Oo produce al-tatis lhese wre expanstior 
ength at 1000 ] The sands which produced the ra 
le i hai } viner hol s er / wid fiteatee expansior tha 
od molding wands 
The repo indicates the ether f yartous é ils 
fhe and expansion 
Introduction 


luis REPORE describes work carried out by the 
committee in the toundry of the University of Mich 
igan from April 7 to April Tl, 1917, and in the sand 
research laboratory of the Harry W. Dietert Co. from 
April 7 to August 1, 1947, with the object of determin 
ing the physical properties of molding sands which 
will control rat-tail casting defects. Previous foundry 
tests enabled us to select a sand composition which 
produced severe rat-tail casting detects. These rat 
tails could not be eliminated by changing pouring 
time, gating or pouring temperature. Thus, when 
they were eliminated, the pattern or metal conditions 
could not have attected the phenomena. 


Description of Rat Tail Defect 


Ihe rat-tail detect is usually found on the cope o1 
the drag. The detect may be of small magnitude so 
that only a faint line on the surface is visible as shown 
n the upper view of Fig. 1. This detect may also be 
of considerable magnitude so that a definite objection 
ible break in the casting surlace ts apparent as shown 


in the lower view of Fig. 1 


yiina»ny 1 OK 


In order to study the rat-tail detect, it was con 
sidered necessary to find or deve lop a sand that would 
yoduce rat-tails consistently. .\ number of sands were 
ried out by making flat castings. A particular mix 
ture was tound to produce rat-tails on every test cast 


ng at will. This sand was composed of 100-mesh 


sand bonded with clay and western bentonit 
described as sand mixture No. | in the to 


report 


Equipment 


Figure 2 shows the test pattern used in thes eX pe 


ments. [his pattern was molded in a snap flask 
in. X loin, with a tin. drag and 6-in. cope 


Vlale rials 


Previous experience had indicated that a L-in. fa 


ne’ was suthy i¢ nt to five the same ettect as a comp! I 








Fig. 1—Examples of a Mild and a Severe 
Rat-Tail Defect. 
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Ettect ol Mold bHlardness 
\lake three molds at « wh ot the tollowing 
hardnesses: 25 0. 60 and 80 


| Kffect of Green Compression Strenet! 
~~ Using sand mixture No, 1, adjust the bond add 
"i tion to reacl ipproximiately 4 8 and 10 psi 
compression and make three molds of each 
¢ | | Effect of Moisture Content 
Make three molds with No. 1| tac mixtul 
[ dry Im core Oven \Iak thre molds with No 
- sand t mip red to 2, 5.5 and 4 per cent moist 
| G Effect of Grain Siz 
Pr pale sands that will 
a. Pass through 30 mesh and be retained o1 
‘ > 10-mesh screen 
b. Pass through 40 mesh and be retained o1 
M l | dipment sed mM Th s Invest ~' on 0-mesh scrCcotl 
( Pass through 50 mesh and be retained on the 
70-mesh screen 
the facing material- therefore, the pattern Add to each of these sands 8.75 per cent clay an 
is covered to a thickness of substantially | in 0.75 per cent western bentonite Mix and temp 
sands being studied. The remainder of the to best workable moisture 
s filled with heap sand, the properties ol which KF ttect of Grain Distribution 
ssentially constant Lhe properties ol sands Pr pare sands of each grain sin Make up mix 
studied and the heap sand are eiven in the hody 
tures of erain sizes so that the sand is evenly dis 
_ tributed over 5, 5 and 7 meshes with the averag 
Test Methods held at 100 mesh. Make one sand with grain 
evenly distributed over 5 meshes ave rave 70 mes! 
most of the experiments, three moids were made lo each of these sands add 8.75 per cent clay an 
n each test condition. As far as possible , each of th 0.75 per cent western bentonite, Mix and temypx 
following conditions were changed one at a_ time inns, Tee emai anaiiniiin. Midian citi: ee genie 
lest A. Thickness of Casting Fig. 3 molds with each mixture 
B. Pouring Temperature Fig } 1s Effect of Cereal Binds: 
( Pouring Time Fig. 5 Starting with sand mixture No, 1, make up mip 
e D. Mold Hardness Figs. 6 and 7 tures containing 0, 0.5, 1.0 and 1.5 per cent cere 
fi ( om pressive Strength Fig. 8 flour. Make three molds with each sand mixture 
q F. Moisture I Is J | | flect ot ¢ ombustible Mate rials 
. G Grain Fineness and Add to mixture No | y pel cent seacoal I. 
a Distribution Figs 10 and I] another No | TEIN CUNS add 2 pel cent wood flow 
Ht. Cereal Addition Fig. I? Make three castings with each mixture 
I. Combustible Materials Fig. 13 Effect of Clav Bond 
|. Bond ‘Typ Fig. 14 Make three mixtures using 100-mesh silica sand 
K. Natural Sands Fig. 15 To the first add 10 per cent fireclay, to the second 
add 4 per cent western bentonite. Add 4 per cent 
Molding Program southern bentonite to the third mixture. Temper 
ee ae ae each mixture to optimum moisture conte nt and 
5 make three castings with each sand mixture 
90.5 Ib. 100 Mesh Silica Sand K. Effect of Some Natural Molding Sands. 
8.75 Ib. Clay Secure representative natural molding sands fron 
.75 lb. Western Bentonite the states of Ohio, New York and New Jersey 
Mull dry 3 min. Make castings in these sands. Also include used 
Add molding sand that has been maintained by addi 
5 Ib. Water tions of Ohio sand. 
Mull 5 min. 
\. Effect of Casting Thickness. Molding Procedure 
Using mixture No. 1, make three molds from Every step in the various operations required in the 
each test pattern. Test patterns are *,¢, 949. 745 foundry was according to routine and every task was 
and 9, , in. thick. performed in accordance with written instructions 
B. Effect of Pouring Temperature. Molding procedure outline is given below. 
Pour three molds with metal at a temperature of 1. Brush match plate clean. 
2500, 2600, 2700 and 2800 F. 2. Place cope flask on table of jolt-squeeze machine 
€. Effect of Pouring Rate. 3. Place match plate on cope flask with drag face up 
Make three molds using one, two, three and four |. Place drag flask on match plate pins down. Red 





ngates. Each ingate is 1 x 4 in. in cross-section. 





corners of flask together 














CASTING THICKNESS 


Fig 3—Cast specimens illustrating effect of metal thickness on rat tailing. 





Fig. 4—Cast specimens illustrating effect of pouring temperatures on rat tailing. 
Ss S ‘ rw} i 
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nutshell parting on drag of match plat 

four shakes of the bag. 
lle two shovels of test sand through 14-in 
e onto drag pattern. 
drag flask with backing sand. Have 2 in. of 
| above flask; use removable frame. 

to obtain the desired mold hardness 
Q ke sand off level. 
() e bottom board. Squeeze. 
flask over. 
st nutshell parting on cope using four shakes 
the bag 
idle two shovels of test sand through 14-in. 
dle onto cope pattern. 
cope flask with backing sand. Strike sand off 
| with top of squeeze frame. Jolt 10 times, 
| off sand, squeeze. Use 100 psi air pressure. 
move squeeze board and cut sprue with 34-in 
ia sprue cutter. 

6. Remove cope and then remove match plate. Vi 
ate match plate with attached air vibrator. 
17. Clean sprue, measure mold hardness of cope and 


¢ at center and each corner of the mold cavity. 


Stamp mold number on drag. 

18. Assemble mold. 

19. Two men pick up mold by bottom board and set 
on floor 

2%). Remove flask, then place aluminum jacket on 





mold and press in place. 

1. Place 25-lb. weight with clamps on mold. 

9 Pour mold within 2 hr. after closing. 
Use gray iron metal with 2.8 to 3.1 per cent T.C. 
and 1.80 to 2.0 per cent Si. (See Table 1.) 





raBLE 1—AVERAGE IRON ComposiITION UsEp 1N TESTS 
Element Per cent 
Silicon 2.31 
Sulphur 0.09 
Manganese 0.47 
Phosphorus 0.29 
Total Carbon 3.0 





24. Melt metal in indirect arc electric furnace. 

25. Cool metal to 2650 F in hand ladle and pour, 
with the exception of the pouring temperature 
test series. Use noble metal thermocouple for 
measuring metal temperature in ladle. 

‘6. Measure and record for each mold the mixture, 
metal temperatures, pouring time and mold hard- 
ness. Test sand for the following: green strength, 
moisture, permeability, dry strength, hot strength 
at 500, 1000, 1500, 2000 and 2500 F. 12 min. 
heating time (l-in. table rise); free and confined 
expansion and contraction at 2500 F, sintering 
temperature, gas pressure at 1200 F, flowability 
ind density at mold hardness similar to mold. 

27. Sand blast castings and photograph casting sur- 
face. Describe casting surface with reference to 


lefects. Place casting in storage. 


Test A—Effect of Metal Section 





[he relationship between casting thickness and rat- 
tail defects was studied by making three castings each 
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of the following thicknesses: 3,¢, 5,¢, 74, and %, in 
Sand mixture No. 1, having the properties shown in 


Table 2, was used as the facing sand 


TABLE 2—PROPERTIES OF SAND MixtuRE No. | 





Facing Sand Mixture No. | 


90.5 Ib. 100-Mesh sand 
8.75 Ib. Clay 

0.75 lb. Western bentonite 
75 Ib. Water 


Green Properties 


Moisture per cent b 
Green Permeabilits ya 
Green Compressive Strength, psi 

Green Deformation, in. in 0.02 


Flowability 

Density, Ib/cu ft (A.F.A. test specimen 102.2 
Dry Properties 

Dry Compressive strength, psi 0 

Dry Compressive strength, after 4-hr. air set, psi 2 


High Temperature Properties 


Hot Strength psi at 5001 q 
1000 ..148 
1500 182 
2000 109 
2500 7 


Spalling 


500 | 2 min. exposure None 12 min. exposure: None 

1000 Nome Cracked 

1500 Cracked Cracked 

2000.—, Cracked Cracked 

2500 Cracked Cracked 
Free Expansion at 2500 F under 4-02 load 0.0235 in./in 
Hot Shrinkage 0.0105 
Mold Gas Pressure, at 1200 F, in H.O 25 

Time to attain maximum pressure, sec 15 





Procedure: 
With a metal pouring temperature of 2650 F, three 
molds were cast with thicknesses of 34¢, 5,, ™, and 


Observation: 

Rat-tails appeared on all castings except on the 
cope of the %,-in. thick casting. The defect was 
greater in magnitude on the heavier castings. The 
cope and drag of representative castings are shown in 


Fig. 3. 


Conclusions: 

Ihe presence of rat-tails on the %¢-in. thick casting 
indicates that a small amount of heat is sufficient to 
produce rat-tails when other conditions are favorable. 

The pattern producing ,-in. thick castings was 
selected for succeeding tests. 


Test B—Effect of Pouring Temperature 


lo determine the effect of pouring temperature on 
the rat-tail casting defect, 12 castings were made from 
metal poured over a range of 2500 to 2800 F. The 
basic mixture No. 1, described in Table 2, was used 
as the facing sand for this experiment 


Procedure: 
Ihree molds were poured at 2800, 2700, 2600 and 
2500 F, and the 7,-in. thick test pattern was used. 
The metal temperature was measured by means of 
a noble metal thermocouple and a potentiometer. 
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Fig. 5—Cast specimens iulustrating effect of pouring time on rat tailing. 





ig 6—Cast spe rnens illustrating effect of mold hardness on rat tailing. 


Observations 


Rat-tails were observed on all of the castings as is 
shown in Fig. 4. No appreciable difference in the 


various test castings was observed. 


Conclusions: 


For the ty pe ot sand selected and the conditions 
under which these tests were made, the pouring tem 
perature need not be held precisely at a chosen 


temperature llowever, tor uniformity, a 
temperature of 2650 F was selected for all 


ceeding tests 


Test C—Effect of Pouring Rate 


In this test, the pouring rate was changed 


different numbers of ingates to determine wh« 
severe rat-tailing could be eliminated by pou! 
Facing sand mixture No. | as described in 


was used in this series of tests 
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molds were cast using one, two, three and 


s 1x 16 1n. 1n cross-section 


tings in this test showed rat-talls Fig. 5). 
of metal was usually outlined bv rat-tails. 


v when one ingate was used 


ons 


it-tail castine detect was shown to be in 
bv uneven heating of the mold face; for ex 
Vv causing the metal flow to be restricted over 
area of the mold surface. 

the succeeding tests the gate arrangement with 
yates was used as representative of good foun 
ictice. The pattern was gated on the short end 
tt on the long side. This arrangement of gating 


for a more severe test of the sand 


Test D—Effect of Mold Hardness 


basic facing sand mixture No. 1, as described 


ible 2, was used in this test. 


lure 


mold hardnesses indicated be low were obtained 
varving the number of jolts and squeeze pressure 


Ing ope rations 





Mold Numbe Mold Hardness 


Drag 
7 30 
»s 24 
9 29 
10 iz 
t] 10 
12 tO 
+ 60 
14 97 
$5 7 
7 80 
8 SU 
9 80 





Observations: 





lhe castings made in the molds which were rammed 
to a hardness of less than 60 had few or no rat-tails. 
Castings made in molds which were rammed to a 
nold hardnes 60 or higher had numerous rat-tails. 
Figure 6 shows representative casting surfaces obtained 


ith the different mold hardnesses. 
ciusions: 


Aat-tails were largely eliminated by ramming molds 
hardness below 60 which produced low mold 
ath in terms of psi. The mold hardness for all 
in succeeding tests were held within a mold 
ess range of 75 to 80 so that rat-tails would not 


minated by a mold hardness condition 


Effect of Mold H i R Hot ¢ pressive St 
In orde) to determin thre ettect ol mold hardness 
on properties at elevated temperatures, sand test spe 
mens were rammed to various mold hardnesses an 
the streneth at elevated tetiiperatures measured | 
results are shown in LTabk ind Fis 
DPasle 5—FErercr ot Motp HarpNess on Ho 


COMPRESSIVE STRENGTH 
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Fig. 7—Effect of Mold Hardness on Hot Strength 


Test E—Effect of Green Compressive Strength 


In order to vary the green compressive strength 
three facing sand mixtures were prepared with 6, 10 
and 13.3 per cent clay. These mixtures had green 
strengths of 3.8, 8.1 and 10.15 psi, respectively (Table 4 


Procedure: 
I hree molds were made trom each type of sand, and 
poured in the same manner as in previous tests 


Observations: 


In this series of tests, little effect upon the rat-tail 
phenomena was made by changing green compressive 
strength in mixtures containing bentonite and clay 
from 6 to 13 per cent as maw be noted in Fig. 8 
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Fig. 9—Cast sbecimens illustrating effect of mold moisture content on rat tailing. 
> i 
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Cast spe cimens 


ErFrect OF GREEN COMPRESSIVE STRENGTH 


ustrating 


LaspLe 5—Errect OF Moisture CONTENT 








Facing Sand Mixture 
1) Mesh, Ib 


rn Bentonite, Ib 


Green Properties 

Moisture 

Green Permeability 

Green Compressive strength, psi 
Green Deformation, 1n./in 
Toughness 

Flowability 

Density, Ib/cu ft 


Drv Properties 

Dry Compressive strength, psi 
Dry Compressive strength, after 4 
Hr Air Set, psi 


High Temperature Properties 
Hot Strength at 500 F, psi 
1000 
1500 
2000 
2500 


Free Expansion at 2500 I 0.0185 0.021 
Free Hot Shrinkage, 12 min 0.0085 0.075 
Contined Expansion at 2500 I 0.0475 0.037 0.031 
Confined Hot Shrinkage, 12 min 0.006 0.006 0.006 
20 25 


lime to Attain Max. Pressure, sec. 21 14 


Mold Gas Pressure, in. wate 


Facing Sand Mixtures 


100 Mesh Sand, Ib 
Clay, Ib 
Western bentonite, Ib 


Green Properties 
Moisture 
Green Permeability 
Green Compressive strength, psi ».4 
Green Deformation, in./in 0.020 006 
loughness 108 7.8 
Flowability 


Density, Ib/cu ft 
Drv Properties 
Dry Compressive Strength, psi 


Dry Compressive strength after 4-hi 
Air Set, psi 


High Temperature Properties 
Hot Strength, psi at 5001 97 
1000 143 
1500 182 
2000 409 


2500 56 5 


Free Expansion at 2500 F in./in 0.0195 0.021 
Free Hot Shrinkage, 12 min 0.009 
Confined Expansion at 2500 I 0.041 0.042 


Confined Hot Shrinkage, 12 min 0.011 


Mold Gas Pressure at 1200 F in. H2O 25 99 22 
Time to Attain Max. Pressure, sec 15 - 14 





Dirt inclusion was observed on castings made in 
the weakest sand. Lower green, dry and hot strength 
Apparently is conducive to the formation of dirt 
inclusion. 

On castings made in the lower strength sands, the 
feather edge of the rat-tail defect is easily eroded, re 
sulting in dirt 


BUon sions: 


s, for a severe rat-tailing sand, changing the 


5 





ereen strength will not necessarily eliminate rat 
tailing. 
Test F—Effect of Moisture Content 


Ihe opinion is often advanced that rat-tails are duc 


to high moisture content. In order to test this hypoth 


esis, molds were made with various moisture contents 


Procedure: 


Three molds were made with the sand at 3.5 per 
cent moisture. ‘These molds were then placed in a core 
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Fig. 12—Cast specimens tllustrating effect of cereal binder content on rat tailing 
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wen at 400 F and dried lor six hours. Lhree molds 
vere made at 2.0 and 4.1 per cent moisture, and 


were poured as in previous tests. See lable 5. 


Observations: 

[he castings made with the above sands are shown 
in Fig. 9. It is apparent that moisture does not appeat 
to have a marked effect upon the rat-tail defect in this 
instance when the molds were rammed to the same 
mold hardness. The magnitude of the rat-tail defect 


shows an increase with an increase of moisture. 


Conclusions: 


moisture might be an indirect cause of rat-tails. Dry 


is logical to conclude that in some cases high 


swength and hot strength increase with increasing 
moisture which might cause rat-tails in certain sands. 
In this series of tests the moisture was varied and 
all of the molds rammed to a predetermined hardness 
Value between 78 and 80. In the practice, the high 
moisture content sand would be heavy and ram hard, 
thus raising the hot strength and reducing void spaces, 
bot mducive to producing rat-tails. Lhe above test 
ows that it is not necessarily the steam that blows 





Fig. 13—Cast specimens tllustrating effect of combustible material content on rat tailing 


off the mold surtace, since the mold without moisture 
produced as many rat-tails as well as the heavily tem 
pered sand. High hot strength in combination with 
high volume growth of the sand seems to be a major 


cause of rat-tails. 


Test G—Effect of Grain Size and Distribution 


Sands of cach screen size were separated from a 
washed silic a sand, | he SscT Ce ned sands were use d in 
preparing facing sand mixtures of various sieve 


analvses as shown in Lable 6 


Procedure: 

Dest castings were made trom the sand of the difte 
ent finenesses. These sands were bonded with 8.75 per 
cent clay and 0.75 per cent western bentonite and 
tempered to best workable moisture content as de 
termined by feel 


Observations: 

No distinct difference in the degree of rat-tail detect 
Was expel ienced as the grain distribution was changed, 
except that on the wide grain distribution sands, No 
15, 16 and 17, buckles and rat-tails both appeared. 




















126 


PERCENT BON 








CAUSES OF RAT-TAIL CASTIN 


Fic. 14—Cast spec mens illustrating effect of type of hond on rat tailing 


Ihe sand mixtures containing 70, 50 and 40 mesh 
sand (mixture numbers I1, 12 and 138 respectively 


mav be used to show the effect of ain size on the 


o} 
rat-tail casting defect. Castings from the 70, 50 and 
10 mesh sands are shown in Fig. 10. The 40 mesh 
sand did not produce any rat-tails while the 50 and 
70 mesh sands did 

Ihe sand mixtures No. 14 to 17 inclusive give a 
range in grain distribution. Castings made in these 
sands are shown in Fig. Il. The sands No. 14 and 16 
produced less rat-tails than did the sands No. 15 


and 17 


Conclusions 

Phe coarse 10 mesh sand appeared to be less 
affected by thermal shock 

[he shape of the sand grains may be as important 


as the size of the sand grains 


Test H—Effect of Cereal Addition 


\ 70 mesh washed silica sand was used for these 
experiments. Mixtures were made containing 0, | 


l and 114 per cent cereal by weight. 


Observations 
Figure 12 shows additions of 1.0 to 1.5 pr 
cereal to the sand to be effective in eliminat 


rat-tail defect. See Table 7. 


Conclusions 

Cereal reduces the flowability and increas 
ereen sand toughne ss. This tends to reduce ex 
and hot streneth at 500, 1000 and 1500 F an 
ing the flowability produces void spaces whi 
a cushion, thereby lessening the tendency 


rat-tails 


Test |—Effect of Combustible Materials 


Combustible materials commonly added to 
sands are seacoal, wood flour and cereal. Th¢ 
upon the rat-tails was studied by making th 
using facing and sand mixture No. | plus t 
tion of the above materials. The compositio! I S 
materials used can be found in Appendix A 


Observations: 


Figure 13 shows the castings made in the al ation 
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TABLE 6—EFFECT OF GRAIN SIZE AND DISTRIBUTION 
— 
Grain Siz Grain Distribution 
Mf 1] 12 13 14 15 lo 17 
Sa 10 90.5 | 18.1 
0) 90.5 18.1 18.1 
70 90.5 10.2 18.1 | 18.1 
100 0 18.1 18.1 
140 10.2 18.1] 18.1 
200 
270 
Clav Q5 Q5 Qs ) g ) on 
Gr ertics 
\f 2.3 9.2 2.6 0 0 
G Permeability 110 125 40 Is 22 l 
( Compressive strength psi 5.9 9.] 12.3 115 11.8 lt 8 
G Deformation, 1n./in 0.014 0.014 0.012 0.0183 0.012 OOl 0.014 
I ess 85 127 158 50 135.6 60 129 
I itv SS SS hed Mi) y 
D b/cu ft gg 10] 106 o75 lit 
Dry erties 
D m pressive strength psi 34 28.5 87.5 126.7 
Dry Compressive strength after 4-hi 
set psi 14 16 2b 
High Temperature Properties 
Hot Strength, psi at 1500 I 143.5 “45 
2000 92 126 349 110 186 135 
2500 17.5 25.5 13.5 10.3 0) {8 
\” Sintering Point 2565 I 2390 I 
Free Expansion 2500 F in./in. 0.0275 0.0245 0.026 0.025 0.0195 
Free Hot Shrinkage, 12 min 0.012 0.010 0.009 0.010 0.0165 
Confined Expansion 0.043 0.041 0.033 0.035 0.032 0.036 
Confined Hot Shrinkage 0.060 0.0085 0.0045 0.007 0.007 0.009 
Mold Gas Pressure, at 1200 F, in water 15 13 ; H~) ma | 
Time to Attain Max. Press., Sec 15 20 13 17 16 
TABLE 7—EFFECT OF CEREAL ADDITION PasLe 8-—Errecr OF COMBUSTIBLE MATERIALS 
Mixture No 20 21 22 23 Mixture No l 18 19 24 
70 Mesh Silica Sand, lb 90.5 10 89.5 oh] 
Western Bentonite, lb 0.75 0.75 0.75 0.75 100 Mesh Sand, Ib 99.5 85.5 58.9 
Clav. Ib 8 75 875 8.75 8.75 Western Bentonite, lb 0.75 0.75 0.75 0.75 
Cereal (Corn) Ib 0.5 1.0 > Clay, Ib 8.75 
Seacoal, lb 50 
Green Properties 
Malsture , 9» g 5 86 7 Wood Flour, Ib 2.0 
Green Permeability 53 59 57 74 Cereal, Ib ite 
Green Compressive Green Properties 
strength, psi sans 4 | on Moisture 5 3.0 1.2 ».0 
Green Deformation 
‘ 0.015 0.023 0.025 0.037 Green Permeability 20 16 12.5 67.5 
ieiliedaa are 124 7 5 O15 Green Compressive ; 7 
Flowabilits 20 84 6 =4 Strength, psi 4 7.8 6.1 7.0 
imal i Dee tt 101.5 100 99 75 100.5 Green Deformation, in. /in. 0.020 0.018 0.020 0.029 
Toughness 108 9] 122 203 
ry Properties Flowability 89 78 8] 69 
Dry Compressive Penatew th ice fe 102 QO * 10! 100.5 
[ ensi 
Strength, psi 193 
Dry Compressing strength High Temperature Properties 
t-hr Air Set, psi . 23.5 Hot Strength, 500 I 97 62 8 
High Temperature Properties 1000 143 65 RH 
Hot Strength 1500 182 127 80 121 
it 500 I 8] 76 15 53 2000 109 210 198 ow 
1000 157 120 63.5 77 2500 56 17 1% 16 
oo S02 163 127 82 
2000 120 355 R7 Rag Free Expansion 
2500 20 39 OR 99 2500 F in./in 0.0195 0.020 0015 0.014 
k Expansion Hot Shrinkage 0.011 9.0025 0.0125 0.009 
F in./in 0.023 0.015 0.015 0.0185 
H Shrinkage 0.011 0.0155 0.0135 0.0125 Confined Expansion 
‘ Expansion 2500 1 0.0445 0.054 0.055 0.0e9 
corti «OME 0st cs? O82, Hot Shrinkage 0.000, ats omms 000 
5 ; ’ , Sintering—"“A 2420 | 2625 I 2450 I 2390 I 
S ng 4 deg I 2600 
( Pressure at 1200 F. Gas Pressure at 1200 |] 
water 16 20 19 929 in. water 25 2! 2 25 
me te veith Gen. Time to reach max 
ressure, sec. 15 17 13 18 pressure, sec 15 16 14 23 














It may be noted that additions of combustible 
Table 8 


sands 


material reduce the tendency to rat-tail. See 


Conclusions 

Lhe combustible materials added lowered the flov 
ability, hot strength and expansion of the sand mix 
ture. Burning of these organic materials also lowers 
the density of sand and leaves voids which prevent 
high stresses from being built up in the sand. With 
out high stresses being built up on the surface of a 
mold, no mold surtace failure results to produce a 
rat-tail, Ihe estimated change in density due to the 


idditions of combustible material is illustrated in 











lable 9 
L ABLE 9—ESTIMATED CHANGE IN DeNsity DUE TO 
COMBUSTIBLE MATERIALS 
No ’ 2 ay! 
Addition Seacoal Flour Cereal 
Density, green, lb/cu ft 102 99.5 lol 100.5 
Moisture, ‘ aa) 0 12 5.0 
Volume of 100 lb green 
sand, cu ft 0.98 1.005 0.9901 0.9524 
Volume of moisture, cu ft 0.0564 0.0484 0.06774 0.0806 
Volume of combustible 
material, cu ft 7ero 0.0943 0.1335 0.0514 
Density, burnt out sand, 
Ib/cu ft 96 85.4 S05 855 
Paste LO—Errecr oF Bonn Lypt 
Mixture No Zi 28 29 
100 Mesh Silica Sand, Ib ow 6 06 
Clay, Ib a 
Western Bentonite, Ib 10) 
Southern Bentonite, Ib t.0 
(-reen Properties 
Moisture, % 4 5.2 A 
Green Permeability 7 32 37 
Green Compressive strength, psi 65 6.0 7.1 
Green Deformation, in. in 0.016 0.021 0.014 
Coughness 102 126 147 
Flowability, °& 78 78 
Density, Ib/cu ft 100 8 100.5 
Dry Properties 
Drv Compressive strength, psi ha) 72 
Dry Compressive strength, afte 
4-hr air set, psi 
High Temperature Properties 
Hot Strength, psi at 500 I 76 27 78 
1000 134 143 89 
1500 218 108 115 
2000 56 $12.5 2.5 
2500 53 . 12 
tree Expansion, 2500 F, in. /in 0.040 0.018 0.0223 
Hot Shrinkage O.OL07 0.015 0.003 
Confined Expansion, 2500 F, in. in, 0.0355 0.035 0.031 
Hot Shrinkage O.009g 0.005 0.001 
Sintering—A 2565 I 
Gas Pressure—in water 22 22 22 
lime to reach max. pressure, sec. 20 17 21 





Test J—Effect of Bond Type 
I hree commonly used foundry bonds, western ben- 
tonite, southern bentonite and fireclay were used to 


bond a 100-mesh silica sand. Three castings were 


made from each sand to determine the effect of each 


upon the rat-tail. See Table 10 
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Figure |4 shows the castings made in sands 
with different bonds. 
western bentonite bonded sand were observed 


rat-tails 


Conclusions: 


Ihe southern and western bentonite bon sand 
resulted in castings with fewer rat-tails. 

Ihe sand mixture bonded with fireclay produced 
castings showing the rat-tails as shown in Fig, | This 


sand poss ssed relativelv high hot stre neths 


Test K—Effect of Natural Molding Sands 


lo determine the effect of natural molding sand 


on the occurence of rat-tails, three test castings we; 








made trom mixture No. 7, 8, 9 and 10 as shown jy 
lable 11 

LasBLeE 11—Errecr oF NATURAL MOLDING SANps 
Mixture No 7 8 4 10 


Green Prope riies 


Moisture, ‘ 9.0 10.0 8.2 02 
Green Permeability 15 97 8.0 14 
Green Compressive 
strength, psi 5.6 12.2 9.3 
Green Deformation, in. in. 0.020 02024 0.022 ().029 
Toughness 110 292 123 269 
Flowability 72.5 555 75.5 725 
Density, Ib/cu ft 1085 1017 
Drv Properties 
Dry Compressiv« 
strength, psi 60 ta 9 
Dry Compressive 
strength, after 3-hi 
air set. psi 32 | 2 
High LIemperature Properties 
Hot Strength, psi at 500 F 8&5 91 2% 8 
1000 96 112.5 6 24 
1500 89225 179.7 1 242 
2000 13 112.2 110 109 
2500 55° 165 Lo $ 
Free Expansion 
2500 F, in. in 0.020 0.019 0.008 
Hot Shrinkage 0.031 0.006 0.090 08 
Confined Expansion 
2500 F, in./in 0.018 0.022 0.020 ).02 
Hot Shrinkage 0.002 0.022 0.083 0.04 
Sintering—" A” 2135 F 2540 F 2215 F 22751 


Gas Pressure, in. water 
Time to reach max 


pressure set 





Observations: 


Lhe castings obtained trom these natural molding 
sands were all free of rat-tail defects except No i 
which was a (Ohio Heat 


Sand) showed a few rat-tail marks as may be noted 


used sand. No. 7 sand 


in Fig. 15. 
Conclusions: 


The natural sands used in this test were a!! nev 
except the No. 7 sand which contained a smail per 
centage of seacoal. Since the natural sands wer: ne’ 


Castings made in fire: and 
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contained combustible organic materials and 


d low tendency to produce rat-tails. 


Discussion 


\lthough a number of sand mixtures were tested 
his investigation, results do not justily broad gen 
statements. The results however, are of sufficient 


pe to allow for good, practical application in the 


indry and should prove helpful in controlling the 


t-tail defect They can also serve to encourage 
research on rat-tails and their elimination. 
100-mesh silica sand” used to make synthetic 
is not representative of the majority of synthetic 
ised in foundries. It served as a test sand to 

istrate some factors affecting the rat-tail defect. 
since most molding sand is composed of approx 
y 92 per cent or more Si0,, it is logical to assum«e 
the volume expansion of an individual sand 
rain is about constant for a wide variety of sands. 
Practical observation has shown that specimens of 
immed sand vary considerably in their expansion 
haracteristics. The difference observed between the 
hermal expansion of rammed sand specimens is at 
tributed to the mechanical structure of the specimen 
to the reaction to heat of the binder on the sur 

of the grains. 

elimination of the rat-tail defect in this series 
estigations was largely effected by making the 
“U-mesh silica sand mixture less dense at high tem 
peratures, or by the use of low refractory clay; thereby 
ng the sand grains to expand more freely at 


high temperatures. Iwo factors which tend to give 
this effect are use of clay, which shrinks at high tem 
peratures, O1 the use of materials which result in low 
density at these temperatures, for example, controlling 
ramming 

The absence of rat-tails on castings obtained with 
the natural bonded molding sands is attributed to 
their low hot-streneth at 2000 and 2500 |] The clay 
in the natural molding sands apparently soltens at a 
lower temperature than clay or western bentonite 
The natural sands used had more combustible mate 
rial, different grain size and distribution, and a much 
higher clay content than the 100-mesh silica sand 
mixtures. 

The particular base sand chosen for most of the 
experiments had such a pronounced tendency to pro 
duce rat-tails that some variables such as metal thick 
ness, green compressive strength, etc., had no marked 
effect upon the rat-tail phenomena. It is quite possible 
that these variables would have some effect of a sand 
which had a lesser tendency to produce rat-tails 
Therefore, further work with a wider variety of sands 
is considered necesary to clarify the nature of the rat 
tail phenomena. 

Although the expansion and hot strength tests are 
useful in studying sand properties at elevated temper 
atures, a third property of molding sand needs to be 
measured. The toughness of sand when exposed to 
high temperatures possibly is a major factor in pre 
venting rat-tails. Presumably, a brittle sand may cause 
rat-tails whereas one which is plastic may not. 





























coal offer means of eliminating the rat-tail casting 


defect. 





mostly on the lighter flat surface castings. 
The composition and screen analyses of the matt 
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1 ABLE 12—FINENESS OF SANDS USED IN THE RAtT-Tatt CastTinG DeFrect Stupy 
iio 
i. Sand { 100 70 No. 7 No.8 No.9 No. 10 No. 1] No. 12 No. 13 No. 14 No. 15 N \ 
ATh¢ 
} Mesh* Mesh* 
Sieve 
Number Per Cent f 
b 
12 0.38 0.4 pl 
20 1.4 0.1 ”2 0 02 | 
40 2 4 0.1 29 0.1 1 
10 72 0.2 1.8 0.7 00.5 | : 
50 12.8 0.2 1.1 1.05 90.5 18.1 13 pl 
70 17.6 7.8 0.6 15.0 14.8 90.5 30.2 18.1 ! 9 del 
100 8.6 41.8 34.4 26 8.9 13.0 30.2 18.1 13 Q eli 
140 43.2 29.6 6.0 8.0 32.3 9.3 30.2 18.1 | rl 
200 $3 8.2 3.6 16.7 3.8 13.2 18.1 13 IF 0) 
270 12.2 1.6 2.4 19.6 1.4 11.15 : 13 7 
Pan 3.0 0.6 3.6 $8.5 1.8 16.0 1 
Clay 05 0.6 17.6 13.4 92.6 75 95 95 95 95 95 9 Tec 
* Washed and Dried Silica Sand 
I 
. : I f 
PasBLeE 13—COMPOSITION OF COMBUSTIBLE MATERIALS 70 MESH-SILICA SAND 
BASE SAND Fj 
Retained on U.S Per Cent Chemical Analysis o % CEREAL non 
— ' . — — 2% CEREAL ; 
Sieve No Retained =... 2a of Il 
------ 'AS CEREAL 
SFACOAI 
‘ 1000 - = _ 
} 10 Is V.C.M 34.0% 
50 Fired Carbon 58.0 | 
70 26.4 Ash 8.0 | 
ys . $00 | — t t 
100 13.4 Sulphur 0.9 10 
140 10.4 Fusion of Ash 2680°F a 
200 QR a 3o — 
270 6.8 x 4 
- 
Pan $1.2 re) 200 
be 2 
ey 
Woop FLour & e 
100 | be 
0 Il race Moisture 35°) max ~ re) 9 2 
100 17.0 Water Soluble 3.67 5% wt S 
4 
140 42.5 Naptha Sol 545 & & - r 
200 11.5 Ash 0.85 max so x 
270 2.5 Alcohol Soluble 3.6 8 40 > 
Pan 260.5 Balance Pure-cellulose 3 30 a 
=z c 5 
CEREAI 20 $ 4 
Moisture 10.0% 9 
Fat Trace 3 
+ . » 10 1 a 4 = i I 
Fiber None 500 1000 1500 2000 2500 2 
Protein 5.7 
Ash 0.35 TEMPERATURE ‘°F 
P 4.5 : 
Fig. 16—Effect of Cereal Binder on the Hot Streng . 
of No. I Sand Mixture. 
Sands can be cushioned by causing them to have a 
lower density when heated by molten metal. Materials APPENDIX A 
which are effective in reducing rat-tails are seacoal, 
wood flour and cereal, since they decompose and pro Jnalysis of Material Used 
vide voids for sand grain growth. Sou 
5 5 The fineness data of sands used in the study on | ail 
tT . re ‘ > > : : . . sar 
Synthetic sands wert large ly used in this study so causes of rat-tail casting defects are tabulated | 
that greater flexibility in sand conditions could be lable 12 ipon 
: , a , ; . ; : . bento 
had. One could make a very poor sand or a very good lhirteen different sand grain size structures studie eae 
sand, Equally good castings of gray iron were made ranged from narrow to wide grain distribution. 4 an | 
with either synthetic or natural sands. study of the data indicates that grain size or grail & 
. . . ‘a » Aat{ 
Lowering the mold strength by decreasing the mold distribution does not offer a practical and posits 
hardness below 60, eliminated the rat-tail defect for means of eliminating the rat-tail casting defect. Using 
the sands studied. a very coarse grain size does stop rat-tail defects @ 
Ihe use of cushioning materials in facing sands the expense of casting finish. This is not considere Gas P 
such as wood flour, fine bran, cereal binder and sea a practical solution inasmuch as rat-tail defects appea ) 
ft 
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in Test I, “ Lhe Effect of Combustible Mate 


shown in Table 13. 


APPENDIX B 
Cereal on Hot ompressive Strength 


cereal binder is added to a sand many of the 
properties of the sand are altered. 

16 shows how cereal addition affected the hot 
of a 70-mesh sand. This sand without cereal, 
d rat-tails. The addition of cereal reduced the 


det to the extent that 1.5 per cent completely 
elit ed the rat-tail on this severe rat-tailing sand. 
! ect of cereal upon hot strength at 2000 and 
5() was not very large. However, the hot strength 


ind 1500 F were lowered considerably by cereal 


1“ ns 
APPENDIX C 
FA f Various Ingredients on Hot Strength 
Figure 17 shows the effect of southern bentonite, 
sea cereal and wood flour upon the hot strength 


of 100-mesh sand mixtures. 


NO.! SAND MIXTURE 
NO.I8 Sé SEA COAL 

NO.IS 2% Woop FLOUR 
NO.24 2% CEREAL 

NO 26 4% SOUTH BENTONITE 





000 , — 
500 
7,1 
i 
& 30 
& 200 
2 
z 
a 
100 
w 
2 r.) 
” 70 
” « 
r 
a $0 
2 40 
} 
Uv 
Qa 
0 
I 20+ 4 ~ + 
\ 
\ 
N 
10 dane 1 A J 
300 1000 1500 2000 2500 
TEMPERATURE “°F 
Fig. 17—Effect of Various Ingredients on the 


Hot Strength. , 


Southern bentonite lowers the hot strength of the 
sand at 2500 F. The other materials have little effect 
upon strength at this temperature. The southern 
bentonite results in a lower hot strength. The com- 
bustible materials have little effect on hot strength at 
“00 F. Their function is to provide voids in the sand 
to accommodate grain growth without high stresses. 


APPENDIX D 
Gas Pressure is not Related to Rat-Tail Defect 


ihe opinion is commonly held that steam or gas 
Pressure is a cause of rat-tail defects. A number of the 


Isl 


sands used in this investigation were tested for theu 


capac ity to generate gas 


~ 


Method 


\ sand specimen 3 in. long and Il, in. dia. was 
rammed by three drops of a 7-lb. weight falling 25, in 
\ copper tube was rammed in the specimen along the 
longitudinal axis, the end of the tube was 14 in. from 


the end of the specimen. The specimen was immersed 


to a depth of 234 in. in a bath of lead heated to 
1200 F, and time and maximum pressure were re 


corded. This data is given in Table 14 


APPENDIX E 


Thermal ! x pansion of Sand is Related ti 
Rat-Tail Defect 


Iwo methods of measuring the expansion of mold 
ing sand were used in obtaining the data described in 
the main body of this report 


Free | x pansion: 


\ Ilg-in x 2-in. specimen was placed on a carbo 
frax disc. Another carbofrax disc was put on top of 
the specimen. Ihe specimens were exposed to a tem 
perature of 2500 F. A quartz tube supported the 
specimen and a quartz rod rested on top of the speci 
Readings were taken as 
A dial 


movement of the 


men with a pressure of 4 07 
soon as the specimen was put in the furnace 
indicator was used to measure 


spec men 


LaspLe 14—Gas PRESSURE AS RELATED TO 
Rat- Tart DEFECTS 





Maximum Time Required 
Gas Pressure, toObtain Max 


In. of Water Pres. in Sec 


Sand No Description 


l Dried Sand 5 | 
3.5°, Moisture 25 15 

2°, Moisture 22 22 

4.1%, Moisture 22 14 

t 3.8 psi Green Compressive Strength 20 2! 
8.1 psi Green Compressive strength 25 14 

8 New Jersey Molding Sand 18 1] 
q New York Molding Sand 24 24 
10 Ohio Molding Sand 24 il 
1] 70 Mesh Sand 1.5 15 
12 50 Mesh Sand 13 20 
13 40 Mesh Sand } 13 
14 70, 100 and 140 Mesh Sand 2%) 17 
16 40 thru 270 Mesh Sand 21 16 
20 No cereal addition 16 15 
21 0.5%, Cereal 20 17 
22 1.0%, Cereal 19 13 
23 1.5%, Cereal 22 18 
25 10°, Fireclay 14 17 
26 4°, Southern Bentonite 10 25 
18 Seacoal 21 16 
19 Wood Flour 27 14 
24 Cereal 25 23 
28 Western Benionit« 22 17 
29 Southern Bentonite 22 21 
27 Fireclay 22 20 


Comments For the sands examined, no apparent relationship between gas 
pressure and the rat-tail defect was found. A dried sand which developed 
a gas pressure of 5 in. in 31 sec. produced approximately as many rat-tails 
as the same sand tempered to 4.1 per cent moisture which produced gas 
pressure of 22 in. in 14 sec The steam pressure in the molds which were 
used in this investigation apparently played no part in producing rat-tails 
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Fig. 18 Relationship between Free I x pansion at 
2500 F and Rat-Tail Defects. Solid Specimen. 


Confined Expansion: 


This test is similar to free expansion with the ex 
ception that the specimen is rammed in a quartz tube. 
Chis limits lateral expansion and sagging. 

Expansion is recorded as the greatest increase in 
length observed. 

Hot shrinkage is the difference in length between 
the fully expanded and fully contracted specimen. 

\ statistical analysis of the test data reported in the 
main body of this report is given in Fig. 18, 19, 20 
and 21. 

Che free expansion test alone will not distinguish 
between sands that will or will not produce castings 
with rat-tails. Note Fig. 18. There is evidence how- 
ever, that when the free expansion of a sand that 
produces rat-tails is reduced, then the rat tail defects 


will not occur. 
With reference to free hot shrinkage, the following 


is of interest. Sands which soften considerably at 
2500 F to yield a high hot shrinkage above 0.018 
in./in. or have very low hot shrinkage of 0.006 in. /in. 
did not produce rat-tails. One thus has a range from 
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FREE HOT 
SHRINKAGE 
PER IN/IN 
GOOD SAND | RAT TAIL Sano 60 
O 0.090 
O 
0.080 
0.070 
0.060 
0.050 
0.040 ; 
O 0.030 
0.020 
0.018 
0.016 OO 
0.014 O 
OO 0.012 
O 0.010 sss ; 
C 0.009 OOD 
0.008 O 
0.007 O 
OO |___0.006 | 
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0.004 _ 
O 0.003 
OL 0.002 
0,00! 
0,000 | 
Fig. 19 Relationship between Free Hot Strini 
2500 F and Rat-Tail Defects. Solid S pec me 
0.007 to 0.018 in./in. hot shrinkage where no rat-ta 
defects were produced. See Fig. 19. 

There is some evidence that confined eX pansiol 
excess of 0.040 in./in. is conducive to rat-tails. S 
Fig. 20. ‘The sand producing rat-tails possessed high 
confined expansion on the average than sands tha 
did not produce any rat-tails. 

In this study, the sands that produced rat-tails pos 
sessed a confined hot shrinkage which fell within th | 
range from 0.006 to 0.012 in./in. The sand that dic 
not produce any rat-tails had either less than 0.006 01 
more than 0.012 in./in. confined hot shrinkage. *& 

Fig. 21. 
Summary J 

Figures 18, 19, 20 and 21 summarize the data 0! I; 
expansion tests reported in the main body of thi bal 
report. Tentative conclusions based on the limitec 
amount of evidence at hand are: ' : 

1. Confined expansion test results correlate mor 

closely with casting defects than do free expa” &..., 
sion tests. nat 
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RAT TAIL SAND 








0.010 


Sees 





Relationship between Confined Expansion at 
/F and Rat-Tail Defects. Solid Specimen 


[here is some indication that confined expan 
ion in excess of .040 in./in. is characteristic of 
the rat-tailing sands examined. 

Both confined hot shrinkage and tree hot shrink 

ige seem to be related to the rat-tail detect. 

[he tollowing theory is advanced to account fon 

the results obtained on the hot shrinkage tests: 

Ll here are three “zones” of hot shrinkage: 

1. Lhose sands which shrink less than 0.006 
in./in. generally do not produce rat-tails 
Sands which shrink 0.006 to 0.020 in./in. 
tend to produce rat-tails. 

Sands which soften and sag more than 0.020 


In./ In. ge nerally do not produce rat-tatls 


APPENDIX F 


Expansion Specimens 


recognized that a 114-in. diameter or othe 
ind specimen does not heat up uniformly, and 
pansion when exposed to 2500 F temperature 
yY quantitative. During the initial stages of 
the surface is expanding faster than the center, 
the final stages of heating, the center is ex 


¢ while the surface is contracting. 





CONFINED 
HOT 
SHRINKAGE 


GOOD SAND PER IN/IN RAT TAIL SAND 


O 











ronship hetween Contined Hot Shrink 
and Rat Tail Defects Solid Specime 1. 


In an eflort to obtain more uniltorm heating rates, 
a hollow ll4-in. O.D. x l~-in. 1.D. sand specimen was 
tried. Results are shown in Fig. 22 

Although the amount of work done is insufficient 
for definite conclusions, this test seems worthy of 
further investigation. The expansion curve obtained 
by this method indicates that the hollow specimen 
changes length more quickly and smoothly when ex 
posed to heat than does the solid 114-in. dia sand 


spt cimen 


APPENDIX G 
Hot Sire noth and Rat Tails 


The hot strength determinations in this report wer 
made with a table rise of | in. per min. so that the 
sands were crushed under constant deformation. ‘The 
higher the hot strength of a sand at the face of a mold, 
the greater was the magnitude of the stresses caused 
by the expansion of the sand at the mold face 

The hot strength at 2000 F of the various sands is 
plotted in Fig. 23 in two columns, one for good sands 


and one for rat-tail sands. None of the good sand 


posse ssed very high hot strengths. The majority of the 


rat-tail sands possessed high hot strengths Thus, 
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Fig. 22—Confined Expansion at 2500 F. Hollow 
lest Specimen. 


using sands with hot strengths as low as_ possible 
without obtaining cuts and wash defects, is good prac 


tice in a rat-tail elimination program. 


APPENDIX H 
Expansion, Hot Strength and Rat-Tails 


It was characteristic of the sands which caused rat 
tails in the investigation that they had a confined ex 
pansion greater than .040 in./in. and also a_ hot 
strength in excess of 100 psi at a temperature ol 
L000 F. 

Figure 24 shows these data graphically. 
producing sands can be readily distinguished from 
the good foundry sands on the basis of expansion and 


The rat-tail 


hot strength. 
The prevention of casting defects due to cracking 


or spalling of the mold can be prevented by reducing 
hot strength and expansion of sand mixtures. 
Hot strength (at 1000 F) can be reduced by the 


addition of combustible materials such as seacoa 
wood flour, cereal, etc. Hot strength can also be r 
duced by softer ramming. 

Expansion characteristics can be modified by th 
use of different clays. Combustible materials wi 
lower expansion of sand. Binders that increase th 
toughness of sands thereby reducing flowability whic! 
provides greater amount of void spaces between 


sand grains. 
APPENDIX | 
Influence of Flowability on Rat-Tails 


In tis 


The property of flowability as measured 
study is that property of a sand which measures 
ability of the sand grains to flow together so that ac 


th 


jacent grains touch each other. A molding sane 
which flows together so that adjacent sand grains 
touch each other would possess 100 flowabilit J 
sands with a flowability above 82 produced castings 
with rat-tails. Sand with a flowability below *%- pro 
duced castings with and without rat-tails. San wit! 
high flowability thus require greater precauti than 

This relationship is shown © 


with low flowability. 


Fig. 25. 
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Fig. 24—Hot Strength and Expansion as Related to 
the Formation of Rat-Tails 
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Relationship between Hot Strength and 
Rat-Tail Defects. 


\ combination of high flowability, high hot strength 
and high expansion would produce a condition that 
would severely tax the face of the mold and tend to 


produce rat tails 


Conclusions 


[wo conditions that may cause rat-tail defects to 
ippear on castings are: 
i. Insufficient void spaces between contact faces of 
adjacent sand grains. 
High mold stresses. 
[he insufficiency of void spaces between the con 
tact faces of adjacent sand grains may be caused by 
High mold hardness. 
Fine sand. 
High flowability. 
[he development of high stresses at the face of the 








ld may result from: 


Large flat mold surfaces which expand appre 
ciably, ig. 25 Relationship between Flowabiiity and 


Rat-Tail Defect 





High expansion. 














2 
ab 


c. Insufficient combustible materials 

d. High hot strength. 

} Mi thods which may be used to reduce Ol eliminate 
rat-tail defects on castings are: 

a. Reduce mold hardness as far as practicabl 

b. Use 


permits. 


coarse sand providing finish of casting 


c. Reduce flowability of the sand by increasing 
toughness of the sand mixture, for example, by 
adding cereal. 

d. Break continuity of flat areas by introducing 
grooves, circular depressions or other discon 
tinuities, as reported by G. R. Gardner*® of the 
Aluminum Co. of America. 

e. Reduce the hot strength of the sand 

f. Reduce the expansion of the sand as measured 
by a 114x2-in. specimen with a 14-in. dia. 
hollow center. 

ge. The cause of a rat-tail defect may be stated as 
a break in the mold face due to compressive 
forces set up by high volume growth of a high 
hot strength sand. 

h. Use in the sand mixtures controlled amount of 
combustible material, such as cereal, seacoal, 

wood flour or fine bran. 

i. Control the hot strength and expansion by 
using a selected new sand or bonding material 
so that they fall within safe limits. 

j. Select natural molding sand or correctly com 
pounded synthetic sands which have low ex 
pansion. 

». The control of rat-tail defects as well as other cast- 
ing defects can be maintained through sand control 


and selection 
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DISCUSSION 


Chairmar J. A. Rassenvoss, American Steel Foundries, East 
Chicago, Ind 

Co-Chairman: KE. C. Zirzow, National Malleable & Steel Cast 
ings Co., Cleveland 
CHAIRMAN RASSENFOSS: My question pertains to grain distribu 
tion. The general conclusion was reached from this study that 
grain distribution has no effect on rat-tailing. That conclusion 
is rather odd, because generally the amount of fine materials in 


the sand would have a tremendous effect, on hot strength and on 


* “Physical 


American Foundrymen’s Association, vol. 55, p. 332 (1947) 


Properties of Molding Sands,” “TRANSACTIONS, 
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confined expansion, or any expansion. Let us discuss 
itself and for the moment not say how we measure it 
lly, we Know that when silica is heated, it expands « 
and it is thus rather odd to find that grain distribu 
effect on the occurrence of rat-tailing. Do you think 
conclusion would be valid if grain distribution were 
i wider range: 
Mr. Dietert: Our work on grain distribution was « 
nature We were seeking the major reason tor the 
believe that if we had continued our work on grain d 
\s. rat-tail, we would have found that grain distribut Y 
a limited extent affect rat-tailing. It is not a major « 
cause. When you speak of fine material vou are speak 
ness. The Committee found that fineness does affec 
I believe the major contributing cause of rat-tailing 
found by the Committees work 
CHAIRMAN Rassenross: As I understand it, one of 
conclusions of the work is that rat-tailing can be corre 
hot strength as measured at the temperatures indicated Mi 
confined expansion As I recall, there were three « 
double illustrations shown in which vou had rat-taili: 
left picture and no rat-tailing on the right. In thes 
the hot strength had gone down, the confined expansion 
up. It seems rather odd that if the confined expansion 
the real measure of what is going on, an increase in t 
sion of the sand will result in fewer rat-tails. What 
planation tor that+ Ml 
Nik. Diereri The amount of reduction in expansio 
\ few thou 
for example 0.005 in., is not a major change. One mu 


sufficient to offset the increase in hot strength 


the expansion in the order of 33 per cent 


CHAIRMAN RAssENFOss: The hot strength you showec 





stances Was increasing, vet the contined expansion was ce 
ing. It does not add up very well. In some of those cases 
added wood flour or some other combustible materia | ere 
additions certainly should not contribute to an increas \ 
pansion, yet the expansion, as measured by this test 
increased 

Mr. Dieter 


pansion 


I he expansion tests relterred to are contine 

In this test the specimen is practically in its ow ct 
mosphere with limited oxidation. Under these conditions, wo Vr 
flour and cereal do not necessarily reduce expansion. The 

hot strength 


CHAIRMAN RASSENFOSS: Maybe we are not measuring ac 


what we want to know. It would appear from theorizing o1 ti 
problem that, for instance, a sand mixture made up of sand g taines 
and clay additions which would be employed to bond it w some 
have a certain expansion value. Why, when he put in wood f nds 
or cereal binders which would burn out during heating ol Atul 
sand, should the expansion of the sand go up? It would seem Oo she 
logical that the expansion would decrease or remain consta J. F 
Certainly, it should not increase. It should show a decrease, } Mir 
ticularly if there is a load on it, as there is in most of these tests. J \!ban 

Mr. Ditrert: No, certain types of cereal bond do not decreasé ast 
the confined expansion of sands, even though you would lik Mr 
wa \ir 


to have them do so. There are one or two types that do s! 


slight increase. These confined expansion tests were made ver 
caretully Ihe sand specimen is placed within a quartz (ube 
which prevents rapid oxidation. Our final report will show the could 


detailed method that was employed, and in no case did w 
nd cor pick 


any conflicts. By plotting the hot compressive strength : 
fined expansion vs rat-tail, one finds that the castings wil 
tail will fall in a definite zone separate from those without 1 H. I 
tails. One might devise a formula where the sum of hot © , 
pressive expansion plus confined expansion must be i 
i certain number to avoid rat-tails. In practice it is easy l 
the hot compressive strength of a sand to a reasonable va ul TBM 
not worry about changing the confined expansien wl! 
difficult property to reduce to one-half original value 
Co-CHAIRMAN ZiRzow: There was a question in reter 
graph which showed an increase in confined expansion 
the method or the accuracy of the test was questioned. A 


the graph showed about 0.040 to 0.045 variation That « 
permissible errot 
R. C. WaLKer*: We make a flat cover approximately 7 ‘ 


1 Whitin Machine Works, Whitinsville, Mass 








MITTEE REPOR1 











yng and about in. thick. It is molded in a synthetic 





with about 5 per cent southern bentonite. We get 





e cope. If we face the mold with a strong syntheti 





vith 10 per cent southern and 6 per cent western 





low moisture content but high green compressive 





find that we do not get rat-tails. We have no means 


I ~ 





hot strength or expansion. What is the explana 





s> Why do we not get rat-tails with the increased 





yond in the mold? Would we not have a higher hot 






rt: When vou increase the bond of your sand, you 





he sand tougher and it will not ram down as firmly 





id. You are obtaining larger void spaces into which 





ns can slip as they increase in volume. If you would 





ot compressive strength and the confined expansion 





nperatures that we recommended, you would find 






n total of those two on this facing sand is less than 







sand 





your diagrams showing effect of distribution of 


\f It 








1 it not have shown more if you had carried out 





eriments with combination of Albany sand and syn 
show effect of the scattering of the grains by add 


ent kind of grain to the svnthetic sand you already 







er words, the combination of natural sand with syn 






{ would probably have shown an entirely different 





han the wider distribution of strictly synthetic sand 


\| ERI Yes, it is possible that we could have used a com 





f synthetic sand and natural sand and have altered our 


it we would have had a lower hot strength and possi 





onfined expansion, or materially changed one and left 





one alone. Yet our work showed that grain distribution 





e main cause for rat-tailing. We were trying to deter 





main cause of rat-tailing not all the slight variations in 





composition that would slightly alter rat-tailing. We 





oking for major causes, and I believe we found them 





Vib MBEF [hat is true, but foundrymen who make stove 





sanitary ware know that there are a number of sands 





e known to rat-tail and a few sands which are known 





t-tail. There must be a difference in the inherent nature 






n sands to perform as such 





\ir. Dieter’: That is true. It is common knowledge that many 





itural sands have a lower expansion than many of the 





inded synthetic sands. When we add a natural sand to a 





c sand, we probably derive some of the benefits of both 





larly in the lighter castings field where the grain is ob 






ned from the natural sands. They are getting a bond from 





ie svnthetic bonds, such as bentonites or clays. Some natural 





iuse rat-tail defects due to their hot strength. Other 





ral sands have low hot strengths and do not cause rat-tail 





how on the castings 





J. B. CAINE Did any of your test sands glaze? 
Mr. DIETERT 


any sand. It definitely glazed, and it took quite a lot of sand 





Yes, we had one sand that did glaze. It was an 






isting to remove tit 





Mr. Carne: Did it rat-tail? 





Mr, DIETER 
MEMBER 
Mr. Dievert: We tried the sintering test and every test we 





There were no rat-tails on that particular job 





Have vou tried the sintering test on rat-tail? 







cou ink of but the only two that correlated with rat-tail were 





[he sintering test would 





ength and confined expansion 





it a few, but it would not pick out every one of them 





st consider both tests together if you want to be certain 





H. H. FAIRFIELD In regard to expansion as affected by wood 





extensive testing has shown that most wood flours and 





do not decrease the expansion of sand. In fact, some of 





give a slight increase, probably because they form a more 





g tractory structure and it can expand to its full extent 
Without the wood 





is made under a very light load 





e sand may be a refractory that cracks and has actually 





expansion under test. The main effect of wood flours 





iS IS t 


» lower the hot strength 





Mr. Dierert: We found the free expansion tests, where the 












n the furnace is not supported, to give unreliable re 







the sand specimen spalls exceedingly or has low dry 





eel Castings ( Lockland, Ohi 
K edy & Son. Owen Sound. Ontario. Canada 









strength, you will not measure true expansion. If the sand spec 
men is rammed within quart tube then more consistent results 
ire obtained and the test data checks with castin results 


CHAIRMAN RASSENFOSS: Referring to Mr. Fairfield’s remarks, 1 
lL 


seems rather odd that vou should coat the sand grain, the main 


expansion material in the mixture, wil i material like cereal 


binder which burns up at the temperatures we are talking about 


; 


and not obtain a decrease in the expansion of the sand. When 


} 


you make a confined I 


expansion test the material is enclosed in a 
tube Why should increasing the thermal stability of the sand 
in a test like that tend to increase the expansion? It would seem 
that with a confined expansion test, you would always get the 
benefit of every bit of the expansion and the effect of thermal 
stability would tend to be erased Mr. Dietert has pointed out 
that in a tree expansion test, thermal stability is important and 
has a tremendous effect on the result, but i would not seem 


possible that it would be in a confined expansion test where, even 


if the sand specimen does crack, it cannot get out of the tubs 


it has no room to move; it can only expand outward as the tubs 


expands and that would not be a great deal, because a low ex 
pansion fused quartz tube was employed 
Mr. FAIRFIELD [he test we were making was under a very 


light load. If you were to make a test under a load of 5 Ib or so 
vou would tind that with the cereals and wood ftlours, your ex 
pansion would probably be less Ihe statement that the sand 
grains are coated with cereal or wood flour is not correct I te 
average mixing procedure does not distribute the material that 
uniformly, so you actually usually have grain to grain contact 
just the same. You simply create more void space so that the sand 
has lower strengt! 

CHAIRMAN Rassenross: But does not creating more void space 
allow more room for expansion of individual grains and thus 
lower overall expansion of the sand 
Mr. Fairrietp: The sand is expanding relatively freely, so that 
the eflect of the wood flour cannot be observed If you were to 
put a load on it and force the sand grains to readjust their posi 
tions under load while heating, you would find a lower expansion 
with the cereal 

D. C. WitttamMs*: I would like to have Mr. Fairfield explain 


more fullv his statement that wood flour or cereal makes a more 


refractory structure 


Mr. Fairrieip: By that I meant that it has less tendency to 


break up or form cracks when heated. It has better spalling 
resistance. We tested about 15 varieties of wood flour and wood 
flour substitutes carefully. kor most of them there was no appre 
ciable change in amount of expansion when they were added to 
molding sands 

H. A. Roru Your remark about the expansion is rather in 
teresting. What type of grain did you us Was it round or 
angula 

Mr. Fairrietp: It was A.F.S. test sand 
Mr. Ron 


What difference in specific gravity did you find among the wood 


That is a silica sand which would just expand 


flours? Someone without testing would assume that a wood flour 


nasand mold would be very fluffy. If wood flour is finely ground 


and can be immersed in water vou will very likely find that it is 
heavier than the wate 

My impression has been that wood flour would shrink in a mold 
and allow room for silica sand to expand. In a confined space, 
however, as when wood is destructively distilled, a lot of gas is 
given off along with tar, acetic acid and wood alcohol. Charcoal 
remains. It would be different in an oxidizing atmosphere. The 
sand becomes black does it not because the wood is not burned up? 

Results from destructive distillation of hardwood show that 
1000 Ib of wood giv up 1000 Ib of charcoal, 70 Ib of wood al 
cohol, 150 Ib of acetic acid, 200 |b of tar and 7000 cu ft of carbon 
gases (Organic Chemist by Fiesel and Fiesel) ll dry wood 
substance has 1.56 sp gr while conifers have 50 to 80 per cent 
cavities (Chandlers Encyclopedia, vol. on Wood, Lumber and 
limber 

Mr. FAIRFIELD These tests were made in a confined atmos 
phere, or an atmosphere reduced by the wood flour The eflec 


tiveness of the wood flour was mainly due to its particle siz 


We did not measure specific gravity 
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EFFECT OF MANGANESE-SULPHUR RATIO ON THE RAT! 


ANNEAL OF BLACK-HEART MALLEABLE IRON* 


{IBSTRACT 


In order to find the ratio of manganese to sulphur, in white 


making black-heart malleable iron, which 


cast tron suitable for 
will give minimum annealing time, two series of test bars were 
cast in which the manganese content was varied One series 


contained 0.09 per cent sulphur, and the other 0.21 per cent 
sulphur, other constituents being in normal amounts used i 


commercial malleable foundries Minimum first and second 


isothermal annealing times were determined for each bar 
ratio. It is 


Stage 
and the results plotted versus manganese-sulphur 
shown that pronounced minima are produced in second-stagé 
(sub-critical) annealing times by a suitable manganese-sulphur 
ratio, with less effect on first-stage annealing times. With higher 
sulphur content the minimum ts in a narrower range of manga 
with low sulphur that better 


content is commercially in 


nese than content, indicating 


control of manganese important 
£ 


high-sulphur white irons. The optimum manganese content is 
given by the formula ‘ Vin (1.7 7S) O15 
Introduction 


lv IS WELL KNOWN that in white cast iron for 


conversion into black-heart malleable iron, the sulphur 
must be suitably balanced 


and contents 


in order to obtain minimum annealing cycles, since 


manganese 


an excess of either manganese or sulphur decreases 
the rate of decomposition of cementite and thereby 
increases the time necessary for complete annealing. 
The amount of manganese necessary to compensate 
for or neutralize a given amount of sulphur is deter 
mined in practice by the use of one of various fon 
mulas, the particular equation used depending on the 
locality and experience of the user. There is appre 
ciable variation in the results given by the formulas, 
and it would be of value to know which is correct. 
It is the object of this investigation, therefore, to 
determine under controlled conditions so that other 
factors will be constant, the ratio of manganese to 
sulphur-in white cast iron that will produce the mini 
mum annealing time. The importance of variation 
in this ratio is also sought. 

It should be pointed out that such ratio, when 


* Published by permission of the Director, Mines and Geol- 
ogy, Department of Mines and Resources, Ottawa, Canada. 
Metallurgy Research 
Metallurgy, 


** Metallurgical Engineer, Physical 
Laboratories, Division of Mineral Dressing and 
Bureau of Mines, Ottawa. 


By 


Rehder ** 


determined, is equally of value to gray cast iro1 


dries. so that the excess of manganese usually prese 
in gray cast iron can be properly evaluated as to ef! 


and importance. 


Previous Work 


Documentation of the fact that cementite is sta 
ized thermally by an excess of either manganes: 
sulphur is not considered necessary in view ol its wi 
acceptance. Manganese, when present in excess 
believed_to combine with substantially all of the su 
phur present to form manganese sulphide, Mns, whic! 
may contain dissolved iron sulphide, FeS, when 
excess of manganese is low. Excess manganese ove 
that present as sulphide is contained in the cementit 
as dissolved Mn.C, 


double carbide of iron and manganese. As the exces 


manganese carbide, forming 


of manganese is increased, the manganese content of 
the cementite is increased and the cementite becomes 
more stable towards decomposition. 

Ihe mechanism by which manganese 
cementite is not known definitely, but manganese ca! 
bide has a higher heat of formation than iron carbide 
(cementite). It should be noted that with a 
excess of manganese, decreasing the carbon content 
of the white cast iron will decrease the amount ot 
primary cementite present, thereby increasing the 
manganese content of the primary cementite and in 
creasing its thermal stability. Lower carbon white cast 
irons should therefore be more sensitive to manganes 
excess than will higher carbon white cast irons. This 
will be true of first stage annealing only, as the 
amount of cementite in the pearlite formed on cooling 
through the critical temperature will not be affected 
and its manganese content should be constant wit! 


stabilizes 


g1vel 


constant excess manganese present. 

Sulphur, when in excess, combines with any manga 
nese present to form manganese sulphide and the 
remainder forms an iron sulphide which may contain 
some manganese sulphide in solution. The mechanism 
by which the presence of excess sulphur stabilizes 
cementite thermally is not known. 

Manganese sulphide is easily identified metallo 
graphically as a dove-gray non-metallic inc!usion 
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ilv, well-tormed cubic crystals may be seen. 
hide is identified as a yellowish-khaki colored 





llic inclusion, usually rounded in outline. 





to Boyles! inclusions consisting of FeS-MnS 





tions may be some intermediate color. 





itio of manganese to sulphur that should 





illy produce pure manganese sulphide is 1.72 
it is well known that an excess of manganese 
to produce maximum 





s ratio 1S necessary 


ility in white cast iron, and mass law con 






ns show that when the manganese and sul 





present as a minor constituent in iron, an 





manganese is required.” The allowance made 





ice for the amount of excess manganese is the 





which the above-mentioned formulas differ, 





be seen from the following commonly used 





ns 





0.15 
0.10 


Mn (1.7 X S) 
Mn = (2.0 X S) 
Mn 3xXS§ 
In gray cast iron practice the equation 
Mn (1.7 X S) + 0.35 
ymmended* as giving maximum softening eflect 








| effect of sulphur and of manganese contents 





wn the time necessary for annealing white cast iron 


ontaining 2.50 per cent carbon and 1.05 per cent 







was determined quantitatively by Kikuta,* but 


Siiit 


no attempt was made to determine the ratio of man 





ganese to sulphur at which minimum annealing times 


were obtained. With white cast irons containing 0.026 







per cent sulphur, increasing manganese content was 





shown to increase first stage annealing time linearly 





from 5 hours at 0.22 per cent manganese to 7 hours 





it 1.01 per cent manganese, and thence very rapidly. 


The effect of 
annealing time was not clearly shown, as both man 





manganese content on second-stage 






ganese content and temperature of anneal were varied 
With white cast iron containing 0.22 
per cent Manganese, increasing sulphur content was 





simultaneously. 






shown to increase first stage-annealing time linearly 
from 5 hours at 0.026 per cent sulphur to 1114 hours 
at 0.152 per cent sulphur, and then very rapidly. In 






second-stage annealing, the time necessary was 10 
hours at 0.026 per cent sulphur, 23 hours at 0.066 per 
cent sulphur, and no sign of any progress in second 
stage annealing after 22 hours, at 0.072 per cent sul 


phur. At a manganese-sulphur ratio of 3.06 then, 








second stage annealing was stopped entirely. 

The equilibrium relationships in the iron-manga 
nese-sulphur ternary system have been reported in 
some detail in the literature, and reviewed by Bene 
dicks.” However, since they do not refer to quantita- 
tive effects on rate of graphitization, they will not be 










Tevie wed here. 





Experimental Method 





Briefly, the experimental technique was to make up 
two series of test-bars, one containing approximately 
twice as much sulphur as the other, in which the 
Manganese content was varied; then to determine 
the minimum times in which first and second stage 
annealing could be carried out on these bars under 
untiorm conditions. The primary object was to main- 
tain all conditions as uniform as possible, from raw 
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materials through melting procedures to annealing 
varying only the manganese-sulphur ratio. Deviations 
caused the melts or bars to be discarded 

I'wo lots of base iron were melted in a 50-Ib. basi« 
lined high-frequency furnace and poured into on 
inch diameter bars in green sand molds. The heats 
were made up from wash metal, ingot iron, and 50 
per cent ferrosilicon, with sulphur added as elemental 
sulphur alter melt-down to give approximately twice 
as much sulphur in one melt as in the other Bir 
chemical analyses of the two lots of bars is given in 


lable | 


were by the combustion method 


IL he sulphun contents given in this paper 





Laster |—CHEMICAL ANALYsiIs OF Base IRONS 
Element LS HS 
Carbon per cent ! 45 945 
Silicon 1.26 121 
Manganese 0.06 0.07 
Sulphur 0.098 0.205 
Phosphorus 0.06 0.06 


Chromium less than 0.01 less than 0.01 





Each lot of bars was cut into several 2-Ilb. 4-oz 


portions, and these were melted in a small high 
frequency turnace with suitable additions of high 
carbon ferromanganese to give two series of melts 


with increasing manganese contents. Each melt was 
poured into four 6x 1x 3%-in. bars in open-top oil 
sand cores. The furnace was lined with a sillimanit 
grog mixture, and a blank heat was melted and poured 
to preheat and set the lining. 

lo make 


12 oz.) was melted and the ferromanganese 
Another third of the base stock was 


a melt, one third of the total base stock 


(about 
addition made. 
immediately added and 
small addition (uniform in quantity throughout the 
heats) of 50 per cent ferrosilicon was made to increas¢ 
The remaining third of 


when the whole melted, a 


the silicon content slightly. 
the base stock was then immediately added and the 
whole melted. The melt was 
raised to 166 C (2912 F) as measured by a silica 
sheathed platinum, platinum-rhodium thermocouple 
and the melt poured immediately into the baked sand 


temperature of the 


molds. 

Power input was uninterrupted throughout a melt, 
and was constant for each heat so that rate of melting 
and the time above the melting point was constant 
The ferromanganese addition was made as described 
both to give maximum time for solution and mixing, 
and to avoid if possible the inoculating effect of high 
carbon ferromanganese additions, to molten white cast 
iron which the author has observed in commercial 
practice. Similar. considerations apply to the ferro 
silicon addition. 

Ihe test bars from each heat were broken out of 
the baked sand cores when black and placed in marked 
envelopes. 

Ihe following annealing procedure was used for 


each set of test bars. From each set of bars from a 


heat, one bar was sectioned with an abrasive cut-off 
wheel, using ample coolant, into several %-in. wide 
sections, discarding the top and bottom half 


inch. 
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Fig. 1—Effect of manganese-sulphur ratio on the time 
necessary to decompose primary and pearlitic cemen 
tie in low and high sulphur content white cast irons 


Another bar was drilled for a sample for chemical 


analysis. ‘The 
from the heat were placed in an electrically heated 
muffle furnace standing at 954 C (1750 F) and the 
chrome-alumel controlling thermocouple was placed 


The amount of scaling 


44x 34x I|-in. sections and a full ba 


in contact with the specimens. 
was decreased by keeping a scorifier filled with coke 
The specimens 


in the back of the furnace chamber. 


48 hy at 1325 F. X100, 2% nital 


etch. 


Fig. 3—Bar LS-1, afte 
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Fig. 2—Bar LS-5, 


raABLE 2—Low 


as cast. 


X100, 2° 


SULPHUR SERIES: 


CHEMICAI 





nital et 


\NAI 








AND ANNEALING [TIMES 

LS-1 LS-2 LS-3 LS-4 LS-5 LS-6 LS-7 LS-.9 
Carbon per cent 2 10 2.37 »39 245 2.37 2.38 24 
Silicon : Lm 12D iD ist is IZ 28 2 
Manganese 0.08 0.10 0.15 0.20 0.23 029 0.33 
Sulphur 0.083 0.090 0.083 0.080 0.084 0.081 0.079 ’ 
Mn: S ratio 0.96 1.03 1.81 2.50 2.73 3.58 4.68 5 
Ist stage, hr. 514 4 } 3 } 23, 2 
2nd stage, hi 48+- 48+ 48 12 ia) 25 7 
Nodules/sq. mm. 26 20 21 0 tI! 39 a8 
Fig. 4—Bar LS2, after 48 hr at 1325 F. X100, 2° 7 


etch. 
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HiGH SULPHUR SERIES: CHEMICAL ANALYSES PABLE 4—PERCENTAGE OF FES OF Lota FeS ann MNS 
Ls AND ANNEALING IIMES INCLUSIONS 
HS-] HS-2 HS-5 HS-4 HSs-5 HS-6 Low Sulphur Series Hig! Sulphur Series 
; ; = ; Bat Mn: S$ Bar Mn: S 
nt 2.435 2.44 2.37 2.44 2-43 2.47 
' No ratio keS No ratio kes 
1.20 1.26 1.22 1.32 1.28 1.30 
0.15 0.20 0.25 0.40 0.59 0.70 LS-1 0.096 90-95 HS.1! 0.73 10.40 
0.205 0.215 0210 0211 0.299 0.206 LS-2 1.02 60-70 HSs.2 0.9% 15-2 
Ss 0.73 0.93 1.19 1.90 9 82 540 LS-% LS] 10-40 Hs.-% 1.19 10-2 
LS-4 2 50 5-10 HS.4 1 oO l race 
, ’ ? ) , , 
Va 4 ) 2% ~'%4 2ls LS-5 2.74 I race HS-5 2.82 None 
hi 18 18+ 48 4 604 28 60 LS 558 None HS-6 40 None 
——— LS-7 1.08 Nome 
2 ) > °o ~ 
nm 6 24 34 8 4] 2 LS-8 or ay 
B l ‘ , fully annealed. XJ00, 29, nital ele h Fig 5 Ba / S-0 fully annealed X¥/00 Z° , il tal Cle hi 
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Fig. 9—Bar LS-7, fully annealed. X100, 2° nital etch. 


came up to the control temperature of 954 C (1750 F) 
in about 15 minutes, and temperature control by an 
L. and N recording and controlling potentiometer was 
+2 C (3.6 F). The 
procedure were used for all samples. 


same furnace, controller, and 


Measuring time from when the samples reached 
control temperature, a 3¢ x 3g x l-in. sample was re 
moved every 30 minutes (and every 15 minutes as the 
end point was water, 


approached), quenched in 


broken across the center, and the fractured face pol 


Fig. 11—Bar HS-1, after 334 hr at 1750 F and quench 
ing in water. Martensite, graphite, duplex MnS-FeS 


inclusions. X1500, 2% nital etch. 
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Fig. 10—Bar LS-8, fully annealed. X100, 2% n 


ished, etched, and examined under the micros 


for primary cementite. The first stage of anneal \ 
considered complete when no trace of primary cemer 
tite was visible at 500 diameters in five fields select 
at random. Ihe remaining samples, including 
full bar, were then removed from the furnaci 
allowed to cool in air to room temperature. 

Ihe air-cooled full bar was cut into 3%-in. wi 
sections (discarding the top and bottom half-inch 
an abrasive cut-off wheel using ample coolant, a 
after bringing the muffle furnace to equilibrium 
718 C (1325 F), the sections were placed in the fu 
nace and the control thermocouple arranged to to 
the specimens. The specimens reached the cont 
temperature of 718 C (1325 F) in about 10 minutes 
and a sample was withdrawn every five hours (a! 
every hour as the end-point was approached), ai 
cooled, sawn in two across the center, and the cu 
face polished, etched, and examined under the mico 
scope for pearlitic cementite. The second stage ol 
anneal was considered complete when no cementit 
was visible at 500 diameters in five fields selected at 
random. 

The white cast irons were all examined at 100 and 
1500 diameters in the etched condition, to note the 
arrangement of primary cementite and to discovel 
the types and relative amounts of inclusions present 
Estimates, based on thorough visual examination 0 
each white iron specimen at 1500 diameters, wet 
made of the relative proportions of iron sulphide and 
manganese sulphide type inclusions present. No pm 
mary graphite was visible in any as-cast bar. 


Results 
Chemical Analyses and Annealing Times 


The chemical analyses and times for comp! tion 
first and second-stage annealing for the low «ulphw 
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0 Bar HS-6, as cast. Pearlite, cementite and Fig. 13—Bar HS-1, as cast. FeS and du ple « MnS-FeS 
MnS inclusions. X1500, 2% nital etch. inclusions in primary cementite. X1500, 2° nital etch 
POM 
saat i bars are given in Table 2, and the data for of hours. The pearlite had spheroidized, but not 
_ high sulphur series in Table 3. Phosphorus and decomposed 
eae omium contents were not reported since there was In the case of sample HS-4, most of the pearlite 
ny chance for variation from the amounts present had decomposed in 22 hours, but a very fine sph 
m « the base irons. The notation “48+” in the times roidized residue persisted and was still present afte 
w second-stage annealing indicates that after 48 hours 60 hours at 718 C (1325 F). This residue is shown in 
» = 718 C (1325 F) no decomposition whatever of the Fig. 16. In the case of sample HS-6 small amounts 
ich lite could be detected even adjacent to tem pe of spheroidized pearlite persisted until 60 hours at 
m, 2 bon nodules. Complete annealing would probably temperature, but these spheroids were of normal siz 
ane uire in these cases times of the order of hundreds and eventually decomposed. 
he t 
>TO 
conti vo, 14—Bar LS-3, after 48 hr at 1325 F Spheroidized Fig. 15—Bar LS-1, 48 hr at 1325 F. Graphite, pearlite, 
inutes pearlite. X750, oy nital etch. duplex MnS-FeS inclusions. X1/500. 29, nital etch. 
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annealed 60 hr at 1325 F. Fine 


X/500 2, ” tal etch 


fig. 1l6o—Bar HS-4 


spheroid ed pea) le 


Included in these Lables are temper carbon nodul 
counts, expressed as the number per square millimeter 
ot actual surface. The counts were made at 100 diam 
eters, taking an average of at least five fields in each 


Case 


lhe chemical composition, other than manganese 
| g 


and sulphur, is seen to be relatively constant. The 
times necessary for first and second stage annealing 
are plotted versus the manganese sulphur ratio for 
both series of bars in Fig. 1. 

In lable 4 are given the estimates made of the 
relative amounts of iron sulphide and manganess 
sulphide inclusions present in the white cast irons of 
the two series. Only two types of sulphide inclusions 
were noted, one a vellowish-khaki colored rounded 
inclusion, and the other the typical dove-gray, some 
what more angular manganese sulphide. he forme: 
was assumed to be iron sulphide, as it constituted 
most of the inclusions present in low manganese con 
tent bars. As manganese content increased the color 
of this inclusion did not change but more manganese 
sulphide was noted, frequently in duplex inclusions. 
\s manganese content increased further, the amount 
of the iron sulphide decreased to zero, although no 
visible change in coloring was detected. 


Metallography 


The microstructures at 100 diameters of the bars 
as cast varied little throughout all of the bars, and a 
typical structure is shown in Fig. 2. 

At 1500 diameters the pearlite laminations were 
observed to become more closely spaced as the manga- 
nese content increased, most of the pearlite in bars 
LS-8 and HS-6 being barely resolvable at 1500 diam- 
eters with an oil immersion fluorite objective. 
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——_——— 
all . 
° 
Fig. 17—Bar HS-6, annealed 48 hr at 1325 F. ¢ 
Vins, sphe roid ed pearlite. X750. 29, ”) 
In Fig. 3 to 10 inclusive are shown the micros 
tures of the LS series after completion of anneal. b 


LS-1 to LS-3 are shown after 48 hours at 1325 } 


In Fig. 11 is shown the microstructure of sam 
HS-! after annealing at 954 C (1750 F) for 33, ho 
and water quenching. The background is light 
etched martensite and two duplex MnS-FeS inclus 
are shown. It is interesting to note that srapl 
nucleation has apparently taken place preferentia 
at the MnS surface. 

In Fig. 12 is shown two manganese sulphide in 
sions enclosed in primary cementite in bar H5-6 
cast. One of the inclusions shows interference fring 
sometimes seen in manganese sulphite. In Fig 
iron sulphite and duplex MnS-FeS inclusions enclos 
in cementite are shown in bar HS-1. 

It was mentioned above that in samples with 
manganese-sulphur ratio, no detectable decompositio! 
of pearlitic cementite took place in 48 hours at 718 ( 
(1325 F). In Fig. 14 is shown the matrix, betwee! 
temper carbon nodules, of bar LS-3 after this hea 
treatment. The pearlite is seen to have spheroidized 
In bar LS-1, shown in Fig. 15, it is seen that pearlit 
cementite extends up to the graphite nodule surfac 
A duplex MnS-FeS inclusion is visible in this latte! 


figure, and spheroidization is less complete in this 


sample with lower Mn:3S ratio. 

The persistent spheroidized constituent in anneale' 
sample HS-4 mentioned above is shown in Fig. |! 
Although too fine to identify by etching tests, it | 
apparently spheroidized cementite. The spheroidize' 


pearlite that was slow to disappear in secon stag 
] 


annealing of sample HS-6 is shown in Fig. 17, and 's 


a normal spheroidized pearlite. It occurred most' 
along ferrite grain boundaries, and eventua'ly dis 
appeared after 60 hours at temperature. 
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Discussion of Results 


dent in Fig. | that variation of the ratio ol 





to sulphut in these irons affects chiefly the 





re of annealing, or the decomposition ol 





mentite limes tor first-stage annealing 





ntly not sensitive to this ratio, except tor 





atios, and a shallow minimum occurs ap 





ly at the ratio of manganese to sulphur that 







imum second-stage annealing Linc It Is 
to note that the higher sulphur content 
plete the first stage slightly more rapidly 





owel sulphur content 1rons 





series of irons, second-stage annealing was 





y stopped completely when the manganese 





itio was below about 1.9. This fact may be 





manutacture olf pearlitic malleable 


little affected. 


in the 





first Stage times are However, 





ninations of mechanical properties were mad 





resent study, and these would have to be 





ned 





| ict that first stage annealing times are littl 





below about 1.2 manganese-sulphur ratio sug 





sts it the tendency to mottle as cast would be 





sed only when this ratio is less than about 1.0 


\s rive 
d trom 






optimum manganese-sulphur ratio is ap 





below, second-stage annealing times 





ASé rapidly When this ratio is exceeded, anneal 





times increase, \pparently al 





but less rapidly. 





sulphur content the curve is steeper, indicating 





it at higher sulphur content, control of manganese 





mtent must be more critical. [Lhe optimum manga 






se content for the LS series is given by 





0.15 
0.15 


: Mn (1.7 . a S) 


: Mn (1.7 Tas) 


( 







d this is probably true for the higher sulphur HS 





s, although a sample with this particular manga 





se content (0.51 per cent for the HS series) was not 





btained. In the LS series, in order to obtain second 





tage annealing time within 10 per cent of the mini 


7 


oO 
1g 





mum possible, the manganese content would have to 





in the range 0.26 to 0.34 per cent with 0.08 per 





nt sulphur. 





Comparison of Lables 2, 3 and 4 shows that mini 





mum annealing times (maximum rate of decomposi 





tion ot cementite) approximately coincide with the 






disappearance of iron sulphide from the as-cast micro 





Structure, as would be expected. The 0.15 per cent 






xcess of manganese over that representing 1.7 times 





the sulphur content given in the above equation must 





therelore represent the excess necessary for mass law 






considerations. 






Comparison of Tables 2 and 3 with Fig. | shows 





Hat minimum annealing times are not coincident 





iximum nodule counts, and suggests that ex 





ion of faster annealing rates as resulting from 





more numerous and closely spaced temper carbon 








nodules may be in error. 
Ihe microstructures of the annealed samples in 
Fig to 10 inclusive show that the temper carbon 





depart farther from true spherical form as 





nganese-sulphur ratio increases. The same trend 


iS denced in the HS series. The grain size of 











the ferrite in the fully annealed samples is ippron! 


mately the same throughout 


Conclusions 


[he tollowing conclusions may be drawn tron 


data presented 
l In white cast trons with O.O8 and 0.21 per cent 


sulphur, variation in the manganese-sulphur ratio 


between 1.8 and 5.0 causes little change in the times 


necessary tor first stage annealing 


~ 


2 Ihe time necessary tor second stage annealing 


ot white cast iron is sensitive to the ratio of manganese 
to sulphur, the sensitivity increasing with sulphui 
content 


5. Lhe 


nealing time 


manganese content at which minimum an 
is obtained in white cast tron tis given 
by the equation 

© Mn 17 XQ, §S) 0.15 


‘ ‘ 
0 


t. For white cast iron containing 2.40 per cent cal 
bon, 1.30 per cent silicon, and 0.08 per cent sulphur, 
controlled within the 


manganese content should be 


limits of 0.26 to 0.34 per cent to obtain annealing 
times within 10 per cent of the minimum possibl 

5. The only change detected in the microstructure 
of tully annealed samples as the manganese-sulphur 
ratio increases is a trend towards more irregular shape 


olf tempet carbon nodules 
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DISCUSSION 


Chairma G. Vennerunoim, Ford Motor Co., Detroit, Micl 

Co-Chatrmar \W B. McFerrin Klectro Metallurgica Co 
Detroit 

H \. SCHWARTZ (written discussion) I he paper constitutes 


an excellent systematic attack upon a subject of considerable 
practical interest. It represents a well organized detailed con 
tribution to a field about which there exists much general 
knowledge and perhaps some prejudice, but in which there is 
little record of definitive experimentation 

It seems to this commentator that the assumption that all 
the manganese over that present as sulphide is contained in 
the cementite as manganese carbide, requires some further proof 
There seems good reason to believe that some manganese ts in 


t is extremely doubtful whether manga 


the ferrite, and also 
nese dissolved in cementite does not merely represent the substi 
lattice 


tution of manganese ‘for iron atoms in the cementite 


Such spectrograms as the commentator has seen do not indi 
cate the presence of a stranger lattice in white cast tron but 
only a combination of the patterns of alpha iron and cementite 

The author's statement that the mechanism by which the 
presence of excess sulphur stabilizes cementite thermally ts not 


omitted 


known, is perhaps literally correct. He has, however 
propounded by Levy The 
{ the 


However 


consideration of the film theory 


commentator does not regard Levy's work as final proof « 


existence of these MIcroscopl or sub MICTOSCOp i films 
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the behavior of elements which combine with sulphur in their 
effect on annealability bears a logical relation to their relative 
stabilities and the question whether their melting points are 
likely to be below that of white cast iron or above. The author 
does not appear to have confirmed Levy's observations of a 
somewhat laminar sulphide inclusion within cementite. Thus 
his work weakens any assumption based on Levy's observations. 
It may, however, be a little too soon to cast the older work 
completely into the discard since it might be that however excel 
lent Rehder'’s metallographic technique seems to have been, 
some other technique might have brought out vestiges of films. 

The author's experimental procedure seems to have been 
extremely well planned for the purpose intended. It should, 
however, be pointed out to the reader who may wish to use 
the annealing times determined by Rehder that the melting 
process adopted in the laboratery was one which, very probably, 
would be conducive to a fairly slow rate of annealing since the 
melting stock contains no graphite and the furnace lining was 
basic. 

Rehder’s precautions to get comparative results are so com 
plete that there should be no hesitancy in accepting his relative 
conclusions. 

The general form of Fig. 1 seems entirely consistent with 
previous observations. It is rather well known qualitatively 
that the effect of an excessive manganese in first-stage annealing 
is relatively slight. That there should be a minimum of heat 
treating time in second-stage annealing is also reasonable since 
in the beginning manganese neutralizes the effect of sulphur 
and beyond the minimum exercises its own retarding effect. 

This commentator was originally one of the defenders of 
the idea that the best manganese content was 1.76 times the 
sulphur plus 0.015 per cent. This proportion, however, did not 
seem to give good results as commercial practice rose in sulphur 
content due to the advent of duplexing. It would see that the 
Mass Law referred to by the author would require that for a 
given small maximum permissible iron sulphide the manganese 
sulphur ratio would have to be constant if both elements are 
present in relatively small amounts. This does not appear to be 


corroborated by the author’s Fig. A. 

Does the author feel that his work sufficiently establishes 
the facts so that the plausible results of the Mass Law should 
be disregarded? In other words, should we seek a better mecha 
nism than the simple substitution of manganese for iron in the 
sulphide? 

There is some evidence of practical experience that the cor 
trol of manganese is more critical in high sulphur irons th: 
in low sulphur irons, although the commentator does not re 
member ever to have seen this matter summarized in quantita 


tive form. 

Ihe only criticism which can be made of so excellent a paper 
as the present is that perhaps two sets of alloys are insufficient 
to furnish complete confirmation of the perhaps unexpected 
departure from Mass Law considerations. 

It has nothing directly to do with Mr. Rehder’s investigatior 
but a survey of commercial practice as to manganese and sulphur 
may perhaps be of some interest to the reader. 

Ihe writer has lately had occasion to compare the analyses 
of malleable iron made by five of the leading producers in the 
United States for one of the important automobile interests 
That concern furnished to this laboratory, five castings from 
each of the five producers. (Only one of these was a National 
Plant.) The manganese-sulphur content of the malleable iron, 
the sulphur by combustion, was found to be as plotted in Fig. A 
It will be noted that the manganese is somewhat higher thar 
required by the conventional idea of a 0.15 per cent exces 
above that to form manganese-sulphide, and that the slope of 
these figures is more nearly that corresponding to a ratio 0 
3 to 1 for manganese and sulphur. It might be possible tha 
a parabolic relation would have been preferable. 

The only connection which these data have with the subject 
investigation is that commercial operations have a way of arm’ 
ing, by trial and error, at desirable practices. 

R. SCHNEIDEWIND (written discussion)2: Mr. Rehder has made 
a long needed contribution to the knowledge of malleable iro" 


and has made quantitative a subject which before was know 
but empirically. Although well discussed in the text, (he wre 
presence 


has not stressed in his conclusions the influence of the 
of iron sulphide. It is known that sulphur (or iron sulphice 


2University of Michigan, Ann Arbor, Mich 
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PABLeE A 
The 
tica 2 
( Stag 21 
Mn. ActualExcess 1 2n Stage 
wy ( A" Stage Stage Ist Log Log 
I ) / Mn Mr hours hours Stag n Rat 
: <3 O83 141 OR 061 5.50 48 
1.S-? 090 15S .10 053 4.00 48 
LS O83 14] os 009 3.00 48 
LS-4 O80 1360S. 20 .064 3.00 42 14.0 1.624 1.14¢ 
LS O84 143 os O87 3.00 35 11.7 1.544 1.068 
LS-6 O81 138 19 —a- ee. . Oe 9,1 1.398 O.959 
LS O79 134 37 236 2.75 3! 11.3 1.492 1.054 
L.S-8 OS? 139 $8 441 3.00 46 5.3 1.664 1.185 
HS-1 .205 .349 15 .199 3.75 48 
HS-? 215 .366 0 .166 3.25 48-4 
HS-3 210 35 225 .107 3.00 484 
HS-4 211 359 40 +.041 2.75 604 
HS-5 209.356 =. 59 234 2.25 28 12.4 1.477 1.094 
HS-¢ 206 SO 0 .350 2.50 60 24.0 1.778 1.380 
and manganese each have a retarding influence on second stage 
graphitization and a less marked one on first stage. Hence we 


that 
Less manganese than this permits the 


can reason that the optimum amount of 


Mns 
formation of FeS; an excess brings about stabilization of pearlite 


manganese is 
necessary to torm 
due to the manganese itself. 

Mr. Rehder shows that the optimum quantity of manganese 
the theo- 
Ihe suggestion is made that the results of these 


to insure the absence of FeS is somewhat in excess of 
retical figure 
experiments may be more clearly brought out if the deviation 
in concentration of manganese from the proportions expressed 
as MnS are computed 
lable A) 


By plotting the excess (o1 


as has been done in the accompanying 
table 
deficiency) of manganese against 
B that the 


concentration 


time for first stage annealing it may be seen in Fig 


best results are obtained, not at the theoretical 


of manganese but with a slight excess. By plotting the per cent 
FeS in the sulphide phase against excess manganese as in Fig. C 
it may be seen that the amount of FeS drops to zero when the 
per cent excess manganese is between 0.1 and 0.2 per cent 

In order to locate the point of excess more accurately, Fig. D 
can be plotted with per cent excess manganese versus hours for 
second-stage annealing 


0.16 per 


\ definite minimum point in the curve 


shows at cent excess manganese. The same minimum 


points is obtained by plotting excess manganese versus the ratio 
2nd Stage annealing time 


as shown in Fig. FE 
Ist Stage annealing time 


Another illustrate the consistency of Mr. Rehder’s 
fine data is to replot Fig. D and E using logarithm of annealing 
Straight lines 
are obtained which very sharply indicate the optimum manga 
See Fig. F and G 


! feel that this paper is the result of much careful work and 


way to 
time and logarithm of the annealing time ratios. 
nese concentration 


should be of great value to the malleable industry 


Mr. Renper REPLIES 
luthor’s Written 
The kind 


noted and appreciated by the 


Mik. RENDER 


ana 


Messrs 
Schwartz 


Schwart 


Reply to 


Schneidewind) comments of Di and 


Dr. Schneidewind are author 
Their discussion contributes materially to the paper 
note of Dr that “the 


that all the manganese over that present in the sulphide is con 


Concerning the Schwartz assumption 


tained in the cementite as manganese carbide, requires further 
that 


though the text should have been more specific in 


proof it was not the author's intention to imply such 


was the case 
this respect. In the author 
that 
is present both in carbide and in ferrite, with the relative pro 


Recent work 


opinion of the manganese In ex 


cess of present as manganese sulphide in white cast iron 


portions probably given by a partition coefficient 
of Dh 


Schwartz indicates this to be the case 


MEANGANESE-SULPHUR RATIO IN MALrF,s 


I hie iuthor igrees witl Dy Schwartz that sn i 


manganese dissolved in iron carbide are probab! 


manganese atoms substituting for iron in the ceme 


I hie pomnts at which the lattice would become a 
vanese-iron carbide or a manganese carbide vith 
Stituted iron atoms as Manganese content wmcrease 


known to the author but an increase in the rmod 


th manganese content would seem probable 

Concerning the mechanism by which the presen 
sulphur stabilizes cementite thermally, the interp 
correct that the author does not believe that the n 
established or agreed upon. The film theory of Ley 
able one, and as Dr. Schwartz said, is lent strengt! 
However, film theories suffer the defect that in mos 
thickness of film theoretically necessary to be effect 


less than can be seen microscopically. In no case, ever 


careful technique, has such a film been detected by 


even in very high sulphur content irons. This does 


The 


in high sulphur content irons with loy 


their absence howevet most noticeable effect 


the carbide 


content, is a broadening of a band of ferrite separat 


from carbide masses 


Dr. Schwartz mentions that the melting process us« 


conducive to a fairly slow rate of anneal partly due 


of a basic furnace lining. It should be pointed out 


the base stocks were basic melted, and that the re 
which annealing cycles were determined were carrie 
in all acid-lined furnace. It is not felt that the annea 


found, especially first stage, are unduly long 


Concerning Mass Law effects, it was noted in the pay 


minimum annealing times coincided roughly with the 
pearance of iron sulphide from the matrix, and 
represent the point of given small permissible excess 
phide Ihe author definitely does not consider that 
Law is proven inapplicable to this case by the preset 


noted 
Schwartz's Fig. A 
be parallel to and to the right of the line 


by anv other he has seen, but it is 
line drawn through the points in Di 


represe nt 


ganese equal to three times the sulphur content Tr} 
cates a formula approximately 
| Mn 5 OS) 0.06 
and the presence of the constant apparently does 1 
berate Mass Law eftects 
The chart shown by: Dr. Schwartz in Fig. A, repr 
practices of five producers of malleable iron, is interes 


revealing. The author agrees that commercial operatior 


a way of arriving by trial and error, at desirable prac 


where sulphur content is concerned, it is probable 


history is concerned As we all know, some years ago 
was considered to be the root of most evils in both 
and malleable foundries, and it was believed that th 


Those id 


the sulphur content the better was the iron 


since been revised, but many people still like to be 


safe side’ by using a slight excess of manganese. By tl 


process of trial and erro: mentioned above, it 
in general an excess of sulphur caused more trouble 
same excess of manganese, and the results given in the 


paper corroborate this finding, but this simply strength 


idea that it was better to be on the safe side in mai 
Ihe difficulty here is that there was some differe! 
opinion as to how much manganese in excess of the 
was necessary to give minimum annealing times, as show 
the various common formulae given in the first: part 
present paper. Fach foundry added its own safety | 
the minimum amount of manganese it believed necess 


the result is shown in the considerable spread of poi 


cially at higher sulphur contents, shown in Fig. A. Fo 


at 0.16 to 0.17 per cent sulphur, manganese contents 0 


0.66 per cent are being used, a variation of 0.18 pe 


manganese. This variation represents 31 per cent of 


manganese present. Each plant represented on. the 
Fig. A obviously believes that it is using the optimun 
the effect of 


in it 


- . ] 
ot manganese necessary to neutralize Sul} 


if any one of these plants showed a variation 


control of 18 points of manganese, the matter wouk 


sidered serious. The graph shown in Fig. A is, thet 


teresting. but is believed to be of little value in esta! 
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iron sulphide trom the structure and to provide minimum an 
neaing times. tt ts noted that in examples of 0.00 per cenié 
sulphur iron and 0.12 per cent sulphur irons given by M1 


Joseph, that the rule tor manganese sdlphur ratio given in the 


paper does scem to correspond with general experience tor 
minimum anncaling times 
In the example given for sulphur content of 0.20 to 0.25 pel 


cent, it is agreed that there is considerable ditterence of opinion 


mm practice as to the optimum amount Of manganese mecessars 


but it is suggested that there are two reasons for apparently 


conflicting Opinions 


[hese are that in the higher sulphur content irons, varia 
tions in manganese or sulphur content away trom balance have 
sharper effects than in lowe sulphur content irons, as shown 


and errors or differences in analytical techniques 
[he author 


in the paper 
and results become correspondingly more important 
does not consider the evolution method for sulphur reliable in 
cent and 


white cast irons with sulphur contents of 0.20) per 


w ice 


and errors in this determination will create apparent 


ovel 
necessary lo 
the effect of sulphur on annealing rate For 


foundries may be 


differences in the optimum amount of manganese 


neutralize these 


reasons between diferent value 


less unless chemical analyses are checked independently by the 


compar ISOTIs 


apparent discrepancies in 
that 


annealing cycles than 


same methods Another reason for 


between foundries is some 


their 


manganese-sulphur formulas 


foundries have better control over 


have others, so that poor annealability in the latter may be due 
to factors other than manganese-sulphur ratio 

In the author's own experience in Operating a cupola-ai 
furnace duplexing unit on Grade 35018 malleable iron, during 
a period of several weeks of high-sulphur coke due to a fuel 
shortage, sulphur content of the iron ran 0.20 to 0.23 per cent 
Manganese content was kept in the range of 0.50 to 0.55 per 
cent, and no trouble was encountered in annealing. In_ fact, 
the average of the tensile test results improved slightly. 
with Mr. Joseph that most foundries pre 


Ihe author agrees 


fer to keep the manganese on the high side of the accepted 
range, rather than the low side. This point was brought out 
in the reply to Dr. Schwartz's discussion above 


Concerning Mr. Joseph's interesting description of changes in 
sulphur and manganese contents over the years as carbon was 
decreased and the iron at Saginaw Mal 
leable, it is noted that on the 2.80 carbon 1.00 silicon iron, with 


sulphur at 0.12 to 0.15 per cent, the manganese content found 


silicon increased in 


most suitable coincided almost exactly with the formula 
% Mn (1.7 x< %@ $) + 0.15 
With 2.70 carbon and 1.20 to 1.25 silicon iron, the manganese 
ratio found suitable again coincided with the above 


sulphur 
formula within 0.02 per cent manganese 
determinations in 


Considering differences 


in manganese content different laboratories 
this is believed to be a good check. 

With 2.60 1.35 to 
ganese runs 


than the value given by the above formula 


silicon iron, the man 


0.10 


1.45 
0.08 to 


carbon and 


content being used per cent higher 


No explanation ts 


evident for this 
With 
data 


respect to effect of carbon and silicon contents, some 


from be of interest. It was shown 


ron practice may 
that annealing 
iron-rich 
this requiring an excess of manganese over theo 


When free iron-rich sulphides 


vray 


paper minimum times were obtained 


when free sulphides were just removed from the 


microstructure, 


retical MnS of 0.15 per cent 
were visible in the microstructure, rate of anneal (rate of 
eraphitization) was much retarded. Several samples of rela 


tively high sulphur content cast irons have come to the author's 


attention, from different foundries, and with sulphur contents 
of from 0.18 per cent to 0.26 per cent. Carbon and_ silicon 
contents were in the range of 3.00 to 3.40 per cent and 2.00 to 
2.50 per cent respectively The manganese contents in each 
case were such as given by the formula 

% Mn 17 < % §S) + 0.19 to 0.22. 
The castings were of light section ('@ to %& in.) and were all 


of completely normal eray iron structure, with no chilled edges 


machinabilitv. All were examined for free iron 
rich sulphides in the microstructure, 
Hence it would seem that for higher carbon and silicon con 


tents, freedom from iron-rich sulphides and accompanying in 


and normal 


and none were found 


MANGANESE-SULPHUR RATIO IN MALLEA) lp 


complete graphitization and poor machinability, n 


little as O 


tained with a manganese coniont Ot as 9 
above theoretical MnS. it: should) be emphasized 
detinitely not recommended that manganese conte: 
cast iron should be run this low intentionally 1} 
given from the viewpornt of rate ol graphitization 


Mr. CARTWRIGHT’S DISCUSSION 


\. Fk. Carrwricui Written Discussion):* Mr. Rel 
tribution to exact information regarding this pha 
metallurgy of malleable iron is most valuable. His fi 
the more because of his meticulous attent 


impressive 


details of experimental procedure 


It may be of interest and in some relation to this 
the writer to recall serious difhculties he encountere: 
or 13 years ago in obtaining satistactory second stage é 
in the production of short cycle malleable. It was 
time that interest had tocused on the proposition t 
heating of a base hard tron allowed of retaining carb 


combined state in the presence of higher silicon cont 


un-superheated iron would permit,—the increased silic 
edly reducing the necessary annealing time. The ind 
electric furnace was considered ideal for this purpos 


steel scrap charge carburized and with added silicon 
When it came to annealing the product 
was realized that 


howeve! ery 


ratic results were obtained until it thougt 


content was generally quite low 


residual manganese 


per cent) yet the sulphur was so low in the scrap used 
the manganese-sulphur ratio was trequently of the order of 
or 12-1. Addition of sulphur in amount to bring this rati¢ 
8-1 eliminated difficulties due to this 
main point in recalling this lies in the fact that the writer us 
iron sulphide for the addition of sulphur to the bath and s 
gests that use of this might result in a more reliable quant 
tive method of addition than would the very volatile elem 

sulphur when translated into foundry-scale operation 


On one point particularly the writer would appreciate » 


annealing cause | 


further information or, at least, an opinion: 
The analysis of the base iron used conforms with that 
black-heart malleable most commonly produced and Mr. Rely 


properly limits his conclusions to iron of that compositi 
Where straight cupola malleable is concerned, with a w! 
iron carbon range of 2.80-3.10 per cent and silicon of 0.70-1 
per cent, would the same Mn-S ratio be likely to give optimu 


second stage annealing results as for the lower carbon prod 


Mr. REHDER’S REPLY 
(Author's Reply to Mr. 


Cartwright with respect to correction of 


J. E. ReHDER Cartwright): 1 
comments of Mr 
ganese-sulphur ratio in malleable iron melted from carbu: 
steel charges in the indirect arc furnace are appreciated and 
the point. The author has had experience melting mall 
iron commercially in this type of furnace, and found, as has 
Cartwright, that due to the nature of the furnace charge 

10 per cent steel scrap, 50 to 55 per « 


10 per cent silvery pig, 
sulphur mus 


sprue, and graphite and ferro-silicon to suit) , 
added because of the inherently high manganese-sulphur 
It is agreed that pyrite is the most suitable f 


of the charge 
of sulphur addition, but recoveries of elemental sulphur a 


prisingly high and uniform, and since pure iron sulphide 
not happen to be available at the time of the work desc 
in the paper, possible contamination or inoculation of the 
perimental melts by use of impure mineral pyrite was av 
by the use of elemental sulphur. In commercial operation | 
or iron sulphide was found satisfactory as a sulphur addi 

Another point encountered in the author's experienc 
commercial melting of malleable iron in the indirect arc tur 
interest. 


Annealing in that | 
the anneali 


mentioned above, may be of 


was done in electrically heated ovens, and 


10 hr total) was set up to anneal the white iron with the 
manganese-sulphur ratio found as melted. In the course ol 
perimental work, two sets of white iron tensile and nd 


will 


bars were made up. poured from the same ladle, bu 
sulphur addition being made to the iron for the secor 

bars. The manganese content was about 0.38 per cent and 
sulphur content was 0.04 per cent in one set of bars and 0.1% 
the other The bars were tied together 


set 


cent in set. t 
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Ss WOTK 


ies the sulphur content As a 


et 


at all received the same anneal. It was tound 


annealed bars that the higher sulphur content 


out 2,000 psi higher in yield strength, 4 per cent 


r cent) higher in elongation, and over 45 degrees 


135 to 180 degrees) than the lowe sulphut 


microstructures of both sets of bars were 


ditter 


the amount of manganese sulphide present and a 


both being completely ferritic, the only 


difference in shape of graphite nodule 


Mr. Cartwright’s question on cupola malleable 


work 


ranges of carbon and silicon, but 


hoped originally to extend the described in 


other time limita 


permit. However, based on experience 


rrav iron recently done, the author 


that the tormula tor manganese sulphur relation 


hold 


is presently 


the paper should true for higher carbon 


melted iron 


Perhaps I can throw a bit of light on the origin 
1c industry of 


1905 


the manganese-sulphur ratio 


vesides mvself in assembled a large number ot 


sed wedge tests trom consecutive heats trom a number 
all ot 


two 


anneal 
Walker of Eric 
Albany 


advance 


which were given the same 
late B. J 
Enrique 


e foundries 
ent I hese were the 
Iron Co. and the late Di 


of whom contributed 


louceda of 
immeasurably to the 
Our 


pe sible 


irt of malleable iron production purpose it 


that study was to determine, if where 


whether it 
attected 


malleable iron was determined came 


melting treatment or whether it was largely 


innealing treatment Chemical analyses were made 


of this series of heats and, to the surprise of all of 


vas a very wide difference in manganese and sulphur 


should mention that many malleable foundries at 


ic considered charcoal tron to be an essential element 


production of quality malleable iron, and mixing was 


yrincipally by grading, by the fractures of the different 


ns which were used in the melts 


t we found was that in most of the foundries, all on the 


melting process, the usual sulphur content was of the 


of 0.03 to 0.04 per cent and manganese was in the range 


to 0.24 approximately The product of one foundry 


consistently a content of between 


That 


unheard of in an air 


showed sulphur 


ind 0.13 per cent to the three of us who were doing 


was furnace malleable iron 


vith that composition, the quality was there, because the 


ganese 91 


happened to be in those heats approximately 


result of those findings, the 


arbitrarily set a content of 2! 
that 


foundries for a 


of us just manganese 


es the sulphur content, and was the ratio which was 


a good many malleable number of 
1915 or 17 

of twice the manganese plus 0.15 was established 

sult of a discussion which took place between Dr. Schwartz 

going back to the records to which I have referred 

1s It 

sulphide contained manganese and sulphur in the 

76 to 1 We that a 

ir plus 0.15 for the manganese was easier for the ordinary 


that it 


was he who pointed out to me the fact that 


then decided ratio of twice the 


yman to multiply by 2 than 


0.15 


was easier for him 


to multiply by 1.76; that twice the sulphur plus 


haps better than 2! times the sulphur content and 


I believe, the storv of the beginning of the manganese 


ratio 
RFHDER I 


to learn that twice the sulphur 


appreciate Mr. Bean's comments. It ts in 


plus 0.15, which is 


+} 


e formulas for manganese—sulphur balance commonly 


is moved up from 1.7 to 2 times the sulphur because ot 


little ob 
foundries is not 


Actually there is 


many 


npler arithmetic involved 


since metallurgical control in 


ough to make the small difference important. However 


sulphur contents such as prevailing in manv duplex 


nts today, this difference may become of interest, since 


er sulphur contents the manganese content should be 


d within narrower limits, as indicated in the paper 


Harvey, TI 


It may be well to mention 


run if a definite ratio of 


viven plant the sulphur 


close to, say, 0.08 per cen 


definite ratio ot, sas ; 


Zanese content ruil 


|, 8 + O.15 is used Howevet 


increases for some reasor mal the 


, 
1 is used, more manganese i | | al nes 


essary, and if used, annea from 


the paper apparently 


sulphur contents 


Mir. Brean 1 am not arg 


the case iS a4 matter ot interest 


remarkable piece of work, in that it provid 


to questions that we did not have the answ 


vears of this century 


W.R How 


analysis on sulphur when 


JAPSCHKE important is routine 


ipplying these 


Mr. Renper: | am 


is all 


glad you brought that 


We do 


the combustion method 


since it 


po rit up 


important one all our sulphur determinations by 


and consider it the only reliable method 


of obtaining accurate sulphur contents ot white Cast trons, es 


pecially of high sulphur white cast irons. We have found that 


the evolution method for sulphur will sometimes consistently 


give results as much as 0.06 to 0.10 per cent lower than the 


combustion method on the same sample, when the true sulphur 
Since 
think 


ipparently 


contents are over about 0.15 per cent many toundrs 


laboratories use the evolution method, | that the large 


amounts otf manganese sometimes necessary to neu 


tralize the effect of sulphur on annealing are more an indica 


tion of inaccurate low sulphur analyses than of anything 


else. When sulphur content of the iron is running about 0.20 


per cent, the question of accuracy of sulphur determinations 


may be more important than any considerations of suitable 


neutralizing Manganese contents 


CHAIRMAN Figure | is of interest 


that the 


V ENNERHOLM particular 


in that it demonstrates not only second stage anneal 


ing time can be also 
that the 


broadet 


reduced by using low sulphur irons, but 


latitude of the manganesx sulphur ratio is much 


as compared with the higher irons. For in 


40-hr 


sulphur 


stance, for a second stage cycle 


an 0.08 sulphur iron has 


a manganese to sulphur ratio of from 3 to approximately 4.5 


as against 2.6 to 3 for an 0.21 sulphur iron This is of con 


siderable importance to the foundry in that it simplifies the 


metallurgical control when low sulphur is used 


Mr. Renper: In my experience, I have seen some excellent 


malleable irons containing 0.22 per cent sulphur, properly 


balanced with manganese and through the regular anneal 


that I 


The only disadvantage have seen to these 


fact that 


high sulphur 


irons is the manganese control has to be rapid and 


accurate, since as the sulphur content increases, the safe plus 


I his 


correct 


and minus tolerance on manganese content decreases 


effect is separate from neutralization point, as the 


amount of manganese for most rapid annealing is still given 


by the formula arrived at in the paper. However, if in plant 


operation there were any doubt about the accuracy of sulphur 


analyses in particular, | would be inclined to play a little safe 


on the manganese side until the analytical results were mace 


more reliable 


R. N. SCHAPER 
eliminate the hot 


Does balancing the sulphur with the man 


ganese tearing which is present in malleable 


irons where the sulphur is around 0.20 and the manganese is 


on the low side? In other words, no attempt has been made 


to balance the sulphur 


Mr. RENDER I data on the 
manganese-sulphur balance 


that hot 


have no relationship between 


and tendency towards hot tearing 


However, my opinion is tearing will start to show as 


soon as you get free iron sulphide in the matrix, and you will 


get free iron sulphide as soon as you go much below the neu 


4 


tralization point given by the formula. It seems probable that 


may increase as the amount of man 


1.7 % S$) + 0.15 


severity of hot tearing 


ganese decreases below 


* Marion Malleable Iron Works, Marion, Ind 











EFFECT OF FOUNDRY PRACTICE ON 
PROPERTIES OF SOME BINARY 
COPPER-SILICON ALLOYS 


A. I. Krynitsky.* W. P. 


{1BSTRACT 


i iad of hie fenstle properties of four different fy pes of 
bars of copper silicon alloys containing from 2.0 to 4.9 per cent 
silicon was carried out. The tensile strength increases with an 


increase in silicon content and a decrease in pouring te mpera 


ture in increase in the amount of precipitated constituents im 
the microstructure of these alloys construed to be the kappa and 


alpha plus kappa phases respective ly, seems to be associated with 


an increase in tensile strength and a decrease in elongation. The 
tensile properties were obtained from the Navy 10B 


optimum 
type of tensile test bar 

In a study of eflects of different ambient atmospheres on 
the physical properties of the 4.9 per cent silicon alloy the 
under hydrogen and carbon monoxide possessed 
than 


nitrogen 


lhie 


castings made 


lower tensile properties, density, nd indentation hardness 


made under helium, air, carbon-dioxide, and 


chief of 
tests was atiributed to the presence of interconnected 


those 
I he 
Pressure 


shrinkage cavities caused by inadequate feeding 


cause unsoundness as determined by hydraulic 


|. Introduction 


Il HE WARTIME SHORTAGE ol tin increased the 
importance of the coppe silicon allovs since they were 
resorted to as replacements for tin bronzes. ‘These 


alloys, usually containing one or more additional ele 
ments, are employed extensively among other uses fot 
castings as housings, brackets, bushings, etc., requiring 
high tensile properties and good corrosion resistance. 

Smith,' Andersen,? and others have investigated the 
constitutions and microstructures of the copper-rich 
alloys. ‘he constitution diagrams presented by Smith 


(Fig. 1) and Andersen are in essential agreement, but 


neither these nor other available diagrams show the 


structural phases of the alloys at room temperatures. 
Gillett® in his general discussion of silicon alloys stated 
that the alpha alloys (Fig. 1) increase in strength and 
retain reasonably good toughness as silicon is added 
up to its limit of solubility. Substantiating evidence 
of this is revealed in the results of Vocet who showed 
that cast binary copper-silicon alloys containing 3 per 
cent and 4.5 to 4.8 per cent silicon had tensile propet 
ties which compared favorably with those of admiralty 
gun metal (10.2 per cent tin, 3.9 per cent zinc, balance 
copper) and phosphor bronze (12.55 per cent tin, 


* Experimental Foundry Section, Division of Metallurgy, Na 
tional Bureau of Standards, Washington, D. ¢ 


By 


Saunders * and H. Stern 


1.01 per cent zinc, 0.24 per cent phosphorus 


ance copper). However, he reported an accompanying 


sharp decrease in tensile properties for an increas 
silicon content to 6.5 per cent which is apprecial 


beyond the alpha solubility limit. Despite the availa 


bility of this and similar important data, on sili 
bronzes, there is a dearth of information on the int 
ence of factors such as pouring temperature and ai 
bient atmospheres during melting and casting on | 


physical properties of castings. 
] 


This prompted a stud 


embodying these factors of cast copper-silicon alloys 


the commercial alloys of t! 


type contain one or more elements in addition 


Although most of 


copper and silicon, this work was limited to a stud 


of the binary alloys in order to determine the inf 


ence on copper of silicon per se. The maximum silic 
the alloys studied was maintained bel 


since the indications are that the 


content ol 
5 per cent 
properties are adversely affected if the alloys conta 
silicon beyond the limit of alpha solubility (Fig 


The initial phase of the study was devoted to t! 


tens! 
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Fig. 1—Copper-silicon equilibrium diagram 
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ition of the effect of silicon content (2 to 
ent) on the tensile properties, electrical re 
ind pressure tightness of the binary alloys 
ordinary atmospheric conditions. Since the 
of casting tensile bars is known to have a 
influence on the results, four well known 
bars were used for this phase ot the work to 
ne which gave the optimum results. The effect 
iic hot tops (riser sleeves) on the pressure 
s of the different alloys also was studied. ‘The 
nhase of the study was devoted to the determ 
of the effect of melting and casting unde 
gases on the physical properties of the 4.9 per 
icon alloy. This alloy was chosen because, in 
it was found to have the highest tensile prop 
nd pressure tightness when cast in air. This 
is supplemented with a metallographic study 


illovs. 


ll. Materials and Procedure 


paration of Stock Metal 


copper was melted under dried charcoal, heated 
mperature of about 2246 F (1230 C) and then 
silicon was added. Under these conditions oxida 

of the silicon was retarded and the silicon dis 
solved rapidly. he alloys were prepared in high 


frequency furnaces as melts ranging in weight from 


200 to 430 Ib. each. The metal was cast into pigs 
vhich were used as stock metal tor subsequent remelt 
ing and casting into specimens. Commercially pure 

pper and silicon were used in preparing the alloys 
vhich contained 2.0, 2.5, 3.4, 3.5, 4.7 and 4.9 per cent 
silicon, respectively. 

An analysis of the stock metal revealed that the 
2.5 per cent and one of the 4.9 per cent silicon alloy 
melts contained 0.20 per cent iron. In all other cases 
the iron content did not exceed 0.06 per cent. The 
presence of 0.20 per cent iron resulted from iron skim 
mers inadvertently used instead of graphite skimmers 

preparing these melts. The work of Andersen and 
Kingsbury® indicates that an iron content of 0.20 pei 
cent does not significantly influence the alpha solu 
bility limit of the silicon. Furthermore, no appreciabl 
differences in tensile properties were obtained by the 
iuthors for specimens of the 4.9 per cent silicon alloy 
ontaining 0.20 per cent and 0.05 per cent iron, re 
spectively, melted in air. Consequently it is assumed 
that 0.20 per cent iron had no effect on gas solubility 
The high (0.20 per cent) iron melt 
containing 4.9 per cent silicon was used exclusively 


lor the studies of the specimens cast under different 


t this alloy. 


imbient atmospheres. 


B. Preparation of test specimens. 


Lhe specimens for the first part of the investigation 
cast from melts of approximately 90 Ib. each pre 
pared: from the stock metal ingots. The scrap metal 
remaining after casting a series of specimens was used 
eparing subsequent melts of the same composi 
[he melts were made in a high frequency fu 
using clay-graphite crucibles. No charcoal or flux 
ised. Although complete recovery of the silicon 
eparing the stock metal was not obtained there 


was practically no loss of this element during remelt 
ing. I he com positions of these allovs. as determined 
by chemical analysis are shown in Table | lemper 
ature measurements of all melts were made with a 
chromel-alumel thermocouple encased in a closed-end 
glazed porcelain tube which, in turn, was protected 
Lhe maximum heating 
(1230 C 

Ihe temperature in pouring these mejts ranged from 
06 | 170C) to 36 |} (1 


perature of the alloys, indicated in Smith's diagram 


by a closed-end graphite tubs 
temperature throughout the work was 2246 I 
above the liquidus tem 
(Fig. 1) The molds for the test specimens were pre 
pared from modified Albany heap sand, with preper 
ties as follows water content, 6 to 7 per cent 
permeability number, 14 to 20 (A.F.A. units); green 


compressive strength, 7 to 11 psi 


Laspie 1— lLypicat ANALYSES OF COPPER-SILICON 


ALLoys, MELTED AND POURED IN AIR 





Cu Si ke 
per cent per cent per cent 
0.05 
O20 
0.05 
0.02 
O.0% 


OU 





[he specimens cast for the first phase of the investi 
gation were tensile test bars and hydraulic pressure 
cylinders. In the initial stages of this part of the work 
the tensile test bars, cast in groups of tour molds 
consisted of end-gate, fin-gate, keel and Navy 10B 
types (Fig. 2 to 5, inclusive). Each type was poured 
two in a mold, except for the fin-gate bar, Fig. 3, 
which was cast singly. However, the results of tests 
at this stage, confined to the 3.4 per cent silicon alloy, 
showed that the end-gate bar had coarser grain struc 
ture, considerably more segregation and cavitation 
and accompanying lower tensile properties than the 
other types of tensile test bars studied. Therefore, the 
use of this type of bar for subsequent test work was 
discontinued. The variation in temperature during 
the pouring of any set of these molds did not exceed 
27 I (15 Cp. These bars were machined to contorm 


am 


—~s," 


Fig. 2—End-gate tensile bar. 





CoppER-SILICO 




















Fig. 3—14-in. web fin-gate tensile bai 

















Fig. 6—Schemati representation of a casting 


specimens for hydraulic tests. 











Fig. 4—Keel tensile bar. 














without insulated risers used in pressure te 
with 4-in. wall thicknesses. All specimens bef: 
ing were machined to 14-in. wall thicknes 








" : : = mao 4 ~ 
[ fom t—ie ey | Fig. 7—Assembly of cylinders as cast, A with and! 
) a 


Fig. 5—Navy non-ferrous tensile test bar type 10B. 
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specification QQ-M-15la for 0.505-in, diam 

o age le neth tensile test bars. 

draulic pressure test cylinders at first were 

cylinders to a mold as indicated in Fig. 6 

thin-walled castings in each group were 

o a length of 2 in., most of the material 

oved from the gate-end. These specimens 

d hydraulically with the inner and outer 

the as-cast condition. The other two cylin 

ich group, likewise trimmed to a length ol 

e machined both inside and outside to a 
kness of 14 in. before testing. It was found 

hese cylinders invariably leaked at pressures 
si or less. On the basis of microscopic exam 

t appeared that shrinkage cavities caused by 
nt feeding were chiefly responsible for the 
iness of the specimens. In an attempt to im 
eding during casting of these cylinders, a 
described by ‘Taylor and Wick® was used 
ssure-test cylinders 214 in. outside diametet 
in. high with 14-in. walls were cast in a mold 
n in Fig. 7. wo of the cylinders were supplied 

sers which were insulated with gypsum sleeves 
during casting. All these cylinders were ma 
inside and outside to a wall thickness of 14 in. 

nd to a length of 2 in. before testing. 

In the second part of the investigation the 430-Ib. 
atch of the 4.9 per cent silicon alloy was used. Sepa 
ite 70-lb. portions of this virgin stock were used for 
ich atmospheric melt and were melted in a clay 
graphite crucible lined with aluminum oxide cement, 
ind provided with a cover designed to permit the 
iaintenance of a controlled atmosphere through the 
introduction of different gases (Fig. 9). A double 
walled crucible was employed to prevent an excessive 
drop of temperature during pouring. 

During the melting operation the gas was conducted 
into the covered crucible at the rate of 25 cu ft per 
hr. The rate was increased to 60 cu ft per hr when the 
lid was removed during additions to the melt and 
while pouring. The gas was directed over the surface 
of the melt and not bubbled through it. Advantage 
was taken of the characteristic stirring action on 
molten metal by the high frequency current to facili 
tate intimate contact between the melt and the am 
bient atmosphere. The ambient atmospheres employed 
vere hydrogen, carbon monoxide, helium, air, carbon 
dioxide, and nitrogen 


Types of Test Bars Used 


Four types of specimens were cast from each heat 
in the following order: pressure test cylinders (Fig. 7) , 
i solid contraction bar (Fig. 10), Navy 10B tensile 
est bars (Fig. 5), and a vertically-cast stepped bar 
Fig. 11) 


sand having the same characteristics as that previously 


All castings were made in molds of green 
described. The temperature at the beginning of a 
pouring operation was approximately 2156 F (1180 C) 
ind about 2102 F (1150 C) during the final stages of 
Ihe Navy 10B bars were cast at approx 

ly 2138 F (1170 C) 360 F (200 C) above the 

lus, (Fig. 1) to accentuate any effects of the 

nt atmosphere employed. Remelting the stock 


? 
Fig. 8 Insulating gypsum risers used in castine 


hydrault pressure cylinders 





<6= to gas supply 


G= Two stage pressure 
reducing valve 

L = Graphite lid 

T= Thermocouple 

M= Molten metal 

C= insulation 








Fig. 9—Schematic drawing of crucible showing 
method for the control and maintenance of 


atmosphere during melting and pouring 











metal under various atmospheres did not significantly 
affect its chemical composition. All these specimens 
contained 94.8 to 95.0 per cent copper, 4.8 to 4.9 per 
The hy 


draulic pressure test cylinders were cast four cylinders 


cent silicon and 0.20 to 0.23 per cent iron 


to the mold, two with insulated risers (Fig. 7), and 
machined as previously described. The tensile bars 
were machined to the same dimensions as those used 
in the first phase of the work. The linear contraction 
test results were obtained on the bar as cast (Fig. 10) 
\ pattern of this shape has the advantage over patterns 
for ordinary castings in that rapping is not required 
in removing it from the sand. The stepped bars, used 
for density tests, were sectioned as shown in Fig. 11 
Ihe specimens cut from the stepped bar were surface 
ground to remove surface imperfections and adhe 
ent sand 


Test Procedure 


‘The properties determined on the specimens tested 
in the first phase of the investigation included tensile 
properties, electrical resistivity, and hydraulic pressure 
tightness. These determinations were supplemented 
by indentation hardness, density and solid contraction 


tests in carrying out the second part of this study 








156 

l. Tensile properties—All tensile tests were made in 
a 30,000-lb capacity Riehle hydraulic tensile testing 
machine, having a 15,000-lb range dial. The cross 
head speed of the machine for all tests was approx 
imately 0.1 in. per in. per min. ‘The Templin type 
Baldwin-Southwark extensometer was used in recording 
the stress-strain diagrams. The yield strength was 
obtained from the stress-strain curve, using the offset 
method (0.2 per cent offset). 

2. Electrical resistiwity 


urements were made on the machined Navy LOB bars 


Electrical resistivity meas 


by a procedure conforming to the recommendations 
ol the 
they were subjected to the tensile test. 


American Society tor Testing Materials? betore 
3. Indentation hardness—Brinell hardness determ 
inations with a 500-kg load applied to a 10-mm ball 
flor 60 sec. were made on the threaded ends of the 
broken Navy I10OB tensile bars, after they had been 
machined longitudinally to produce parallel flat faces, 
approximately 54-in. wide. 

4. Solid contraction—TVhe. difference 
dimension “D” of the pattern (12 in. in the present 


between. the 


work) and the corresponding dimension of the casting 
(Fig. 10) was used as the criterion for determining 


the linear contraction of the alloy investigated. 





Fig. 10—Bar for determining total linear shrinkage. 


oul 
4 


Fig. 11—Diagramatic sketch of vertically cast stepped 

bar. Specimens indicated as A, B, C and D were used 

for determining the relationship of section thickness 
to density. 


at temperatures ranging from 72 to 180 F 


COPPER-SILIC 
5. Density—Density determinations were 
the conventional loss of weight in water met 
results were based on tests on specimens ta 
the stepped bars from positions marked A, 
D (Fig. 11). 

0 Hydraulr pre ssure tightne ss I he hyd 
sure tests were made by applying pressure 
colored water which filled the cylinder, unt 
coloration was detected on the exterior of the 
[he pressure was noted at which the dis 
was first detected. If no evidence of leakage \ 
at a pressure of 300 psi maintained for on 
the pressure was then raised to 600 psi. If, alte 
minute at this latter pressure no leakage was obs: 
the casting was rated sound. All specimens thus 
were subsequently subjected to progressively increas 
pressure until they leaked or the gasket failed. |; 


case did gaskets leak at pressures below 1700 psi 


lll. Results of Tests 


1. Effect of composition, test bar design, and { 


temperature on alloys cast in arr. 


l. Tensile properties The first tensile tests 
conducted to ascertain the casting conditions and | 
of test bar which rendered the optimum tensile p 
erties of the alloys cast in air. The results ar¢ 
in lable 2. 

Lhe values for the end-gate bar are limited to 
3.4 silicon alloy, since this type of bar was dis 
tinued in the early stages of the investigation as p 
ously stated. All Navy 10B bars possessed a so 


fracture free from any sponginess or segregatio 
\ccordingly, the results in general show that the hig 
est tensile values were secured with the Navy 10B ba 
They further indicate in most cases that an increas 
in vield strengths and ultimate tensile strength ac 
panied a decrease in pouring temperature. 
Comparison of the tensile properties of the diff 
alloys determined with the Navy 10B bar, was limi 
to the results obtained on the specimens cast at 
proximately the same increment of temperature 
F, 120 C) above the liquidus (Fig. 12). ‘This fig 
shows a progressive increase in yield and _ ultin 
strength and in general a decrease in reduction of 
with increase in silicon content. However, the res 
lol elongation were not so consistent. Elongatior 
first increased, reaching a maximum at 5.5 per « 
silicon and then decreased sharply with further 
creases in silicon. Similar results for the ultin 


streneth, elongation, and reduction in 


tensile 
were reported by Broniewski’ for annealed wroug 
copper-silicon alloys. Broniewski’s graphs show a p! 


eressive increase in elongation for silicon content 


from 1 to $ per cent and a decrease for further silico 
increase. 

2. Electrical resistwity 
electrical resistivity values and silicon content ol 
These results indicat 


The relation between 


alloys is shown in Fig. 13. 
the resistivity increases in direct proportion to 
increase in silicon content. 

3. Hydraulic pressure tightness In tests on spe 


mens containing 2.0 to 3.5 per cent silicon and poure® 
(4 in 
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2 3 
ICON, PERCENT BY WEIGHT 


Influence of silicon content on tensile prope 

if copper-silicon alloys, in the form of Navy 10B 

s, poured ata temperature approximately 2161 
above the liquidus. 





ove the liquidus, no specimen cast with an insulated 
ser showed leakage at pressures less than 600 psi 
ile practically all the companion cylinders without 


isers leaked at pressures less than 300 pst. How 
t is significant that some cylinders of an alloy 
ntaining 4.2 per cent silicon cast without risers at a 
rature of 180 F (100 C) above the liquidus 
thstood hydraulic 





pressures of 1000 psi or more 





lhis result suggests that the silicon content may in 
the pressure tightness of the casting. Figure 14 
1oWs areas of maximum porosity in unetched sections 





t two cylinders of an alloy containing 3.5 per cent 
nT one cast with an insulated riser and the other 
‘st without a riser and both poured at 1994 F 


C) approximately 126 F (70 C) above the 
is. It is evident that the cylinder cast without 
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Fig. 13—Influence of silicon content on electrica 


resistivity values of copper stlicon alloys 


a rier contains many cCavitlics, while its COM panlon 


is practically free of porosity 


B. Eflect of ambient atmosphere on the prope rlies of 
the 4.9 pe) cent silicon alloy 


The 4.9 per cent silicon alloy was used exclusively 
for determining the properties of silicon bronze melted 
and poured under various ambient atmospheres since 
it was found to have the highest tensile strength of the 
alloys investigated. 

l. Tensile properties 
test results obtained from Navy I0OB bars cast under 
Kach 


avcrage ol tour 


Figure 15 shows the tensil 


cover of each of the gases noted in the figure 
point on the graph represents the 
determinations. The castings made under atmospheres 
of hydrogen and carbon monoxide had appreciably 
lower ultimate strength, elongation, and reduction in 
under the other gases. The 


area than those mad 


maximum tensile properties were obtained on the 
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PaspLe 2—EFFECT OF SILICON CONTENT, POURING TEMPERATURE AND DeEsiGN oF TeEst Bars ON 
TENSILE PROPERTIES OF CoOPpPER-SILICON ALLOYS 
Keel Bat Navy 10B Bar _Ts 
Flonga Reduction Yield Ultimate Elonga Reduction Yield Ultimate Flonga 
tion in area Strength Strength tion in area Strength Strength tion 
per cent per cent psi psi per cent per cent psi psi per cent = 
$2 16 10050 $5200 50 S4 8400 34700 57 
8500 36350 77 R6 13150 37850 50 Q 
69 65 8900 10000 71 RO 9950 43000 76 Q 
44 16 9850 13400 80 81 11000 44750 71 
59 52 9540 17400 76 6S 11700 50000 RR 
64 52 10860 51800 87 79 14900 53100 75 
19 18 10650 39700 {3 51 12300 48150 64 19 
32 30 12100 $9850 63 7 12700 51900 88 
5.5 19 14800 84800 14 99 5 16100 10150 16.8 
13.5 23.5 15100 36350 16.5 37 17900 57250 33.8 








Fig. 14—Photomicrographs showing typical maximum 
observed porosity in cross sections of pressure test 
cylinders of the 3.5 per cent stlicon alloy, melted and 


castings made under nitrogen. The yield strength was 
practically unaffected by atmospheric change. 

2. Indentation hardness—The results shown in Fig. 
15 indicate that the effect of the enveloping atmos- 
pheres on the Brinell hardness number of the cast 
alloy was not nearly so pronounced as on the corre 
sponding ultimate tensile strength, elongation, and 
reduction in area. The lowest hardness values were 
obtained on the specimens cast under hydrogen and 
Practically no difference in hard 


the alloy cast under the other 


carbon monoxide. 
ness was observed fo 
Gases. 

3. Electrical resistivity—The differences in resistivi- 
ties among the specimens representative of various 
atmospheric melts were small, the maximum being 


poured in air. Pouring temperature was 126 F abi 
the liquidus. Unetched, Mag. 28X. A, poured without 
insulated riser. B, poured with insulated riser 


33.4 microhms-cm (for hydrogen and carbon monox 
ide) and the minimum 32.5 microhms-cm (for air ané 


helium). The average resistivity value of the allo 
cast under all of the gases was 33 microhms-cm 

4. Solid contraction—The solid contraction of the 
alloy was not significantly affected by the different am 


bient atmospheres. The contraction (pattern shrink 


age allowance) was about 11/64 in. per ft. (approx 
imately 1.4 per cent) in each case. 

5. Density—Density determinations made on spe 
mens cut from each of the four sections of the steppeé 
bar (Fig. 8) cast under various atmospheres are giv 
in Fig. 16. The density values of specimens cast under 
hydrogen or carbon monoxide were lower than thos 


s, In 


of specimens cast under any of the other gas 
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the eftect of these two gases on density was 


} 


{| considerably by the section thickness of 


n 
° 


With gases other than carbon monoxide 
ogen, no appreciable difference in density 


ved for different sections of the stepped bar. 
imum density observed was about 8.37 g/cm,°* 


ie] 
° 


from a 5/16-in. section of bar cast under 
and the minimum was about 8.28 g/cm 


from a 3/16-in. section of bar cast unde 


o 
° 


ita plotted in Fig. 16 indicate that the densi 


4 wu 
-° REDUCTION IN ARER 


the l%-in. sections of the specimens cast 


Ultimate Strength 
@ Yield Strength 
© Elongotion 
® Reduction in Areo 


irbon monoxide or hydrogen were consider 


IN THOUSAND LBS/SQ. IN. 


iter than those for the larger sections of these 
similar effect, although much less pronounced 
rved for hydrogen in the Bureau's study® of 


w 
° 
BATION 


+ 


acteristics of leaded red brass (Cu 85, Sn 5, 


i) 
° 


Effect of Hydrogen 


6 
PERCENT ELON 


vations made by other investigators on the 


TENSILE STRENGTH 


368 
H.N 


° 
° 
B 


ff hydrogen on some copper alloys may be of 
nterest. Bailey!’ found that hydrogen is readily solu 
Je in many molten metals, and Prytherch!! showed 





that while hydrogen is soluble in molten copper, its a. | EEE : 

. . H, co He co, bur N 
wlubility is markedly reduced at the freezing point of ’ 
the metal. A decided difference of opinion has been Fig. 15—Influence of different ambient atmospheres 
expressed concerning the practical significance of the during melting and pouring on tensile properties and 
decreased solubility of hydrogen in copper at the Brinell hardness determined on Navy 10B test bars 
freezing temperature. Prytherch believes that this of the 4.9 per cent silicon alloy. 
change in solubility results in unsoundness when 
copper is chill-cast. Allen'® stated that, whereas com- 
mercial copper chill-cast is dense, the reverse is true 
for hydrogen-treated copper. However, Bailey!’ dem- 
mstrated that bronze (with 5 per cent Sn), treated 
with hydrogen and cast in chill molds contained 2.5 





per cent of voids while the same bronze cast into sand 
molds showed about 9.2 per cent of voids. Bailey 
ittributed this to the retention of more gas in solid 
solution in the case of the chill-cast bars. 

(he cooling rate of the various sections of the 
stepped bar casting should increase with a decrease in 
thickness of section. Assuming that the cooling rate 
ft the 14-in. section approximates the rate of cooling 
in the chill mold, then the higher density observed for 
the l4-in. section, explained on the basis of Bailey's 
conclusion would indicate that more hydrogen had 
been retained in solid solution by the solidified metal 

nonox in the l¢-in. section than in the thicker sections. 
air and 
e alloy Effect of Carbon Monoxide 


Gm/Cm 
co 
wow 
uw 


© 7B in. Section 
@ Vi6in Section 
@ 4 in Section 
© S/16 in. Section 


DENSITY, 
@ 
Ky 


ore \ noticeable increase in the density of the 1,-in. 

ga a as compared with other sections of the stepped 

chrink bar likewise has been demonstrated (Fig. 16) for 
carbon monoxide. One might presume therefore, that 

carbon monoxide also is soluble in molten coppe! 

silicon alloys and partially retained in solid solution 

during rapid cooling, but there are no data to support 8.28 . 1 

such a supposition. A slight solubility of carbon ” “ ” 

monoxide in molten bronze was reported by Pearson Fig. 16—Influence of various ambient atmospheres dur 

and Baker! while practically no solubility was found ing melting and pouring on density of the 4.9 per cent 

by Floe and Bever!*. Eastwood and Kura", in their silicon alloy determined on four sections of stepped 


ipprox 





} spe 
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given 
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1 those 
ses In . e . 

fxtensive discussion of gases in copper-base alloys, bars (Fig. 11). 
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Fig. 17—Unetched photomicrographs at 28X of cross 
sections of pressure test cylinders of the 4.9 per cent 
silicon alloy cast without risers unde? atmosphere of: 
1, hydrogen; B, helium: D, 


carbon dioxide; EF, air; F, nitrogen. 


carbon monoxide: C, 


came to the conclusion that there is no unanimity of 
opinion regarding the solubility of either carbon 
monoxide or carbon dioxide in the molten metal. It 
is possible that the carbon monoxide only indirectly 
iffects the physical properties ol cast coppel silicon 
alloys as explained by Pearson and Baker! as well as 
Fastwood and Kura!, who doubt that carbon monox 
ide of itself causes porosity. They believe that the 
presence of a large proportion of carbon monoxide 
in the furnace atmosphere results in a lower oxygen 
content of the melt, and higher gas absorption of the 
reducing materials, such as hydrogen. It is evident 
that the problem of gas solubility is far from being 
solved and needs further study. 


6. Hydraulic pressure tightness—The hydraulic pres 
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sure tightness tests made on cylinders of the 4.9 p 


cent alloy cast with and without risers under difterent 


controlled atmospheres, showed except in one cas 
that no leakage occurred at pressures up to 2000 ps 
The exception was one cylinder cast without a rs 
under hydrogen, which leaked at 100 psi, but 
duplicate cylinder did not leak under hydraulic p! 
sures up to 2000 psi. 

In view of the almost universal soundness ol 
cylinders containing 4.9°; silicon cast without ris 
under various atmospheres, it was difficult to expla 
the adverse hydraulic test results from cylinders co! 
taining 2.0 to 3.5 per cent silicon similarly cast in 
Proper feeding during solidification is usually a pri 


y 


factor in promoting soundness but in these two serie 


? 


of tests, the mold design was identical. Howeve! 
the tests of the 4.9 per cent silicon alloy carried © 
under different gases, a higher pouring temperatu! 
(approximately 360 F [200 C] above the liquidus 

used. The question arose, therefore, as to whet)er | 
difference in feeding was due to the change in 
silicon content or to the variation in pouring temp 
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further experiments were undertaken to 
we information on this point. 
yntaining 2.4, 3.4 and 4.2 per cent silicon 
in air and poured into molds without 
nperatures ot 560 F (200 GC), 270 F (150 ¢ 
100 ¢ ) above the liquidus. The results of 
he machined cylinders, given in JTable 3, 
none ol the low silicon alloys (2.4 pel cent 
inv hydraulic pressure test, while the cylin 
of alloys containing 3.4 and 4.2 per cent 
poured at a temperature of 300 F (200€ 
liquidus withstood pressures up to 1,000 to 
Some of the 4.2 per cent silicon specimens 
low temperatures also withstood hydraulic 
of 1,000 psi or more (lable 3). These re 
cate that both the silicon content and the 
temperature influence the pressure tightness 
17 shows the area of maximum porosity in 
ions of the pressure test cylinders of the 4.9 
silicon alloy cast under different gases at 
00 C) above the liquidus. These micrographs 
that all cylinders except those cast unde 
dioxide were porous. They further demonstrat« 
ose cylinders cast under hydrogen and carbon 
ide (Fig. 17A and B) had the highest degree of 
It is noteworthy that none of these cylinders 
iked at pressures as high as 2,000 psi. Apparently 
the cavities observed did not form a continuous path 
yng which water could pass. 
These results suggest that the chief cause of leakag« 
was not gas porosity alone but interconnected shrink 
cavities extending throughout the section of the 
When adequate feeding was provided du 
¢ solidification, the castings were sound as far as the 
vdraulic pressure test is concerned. 


Riddell!® 


ndicated that the pressure tightness of leaky bushings 


\ recent investigation, carried out by 


Alloy containing 4.7 per cent silicon cast in 
ving alpha dendrites, and precipitated massive 
nded constituents interpreted as the kappa and 


lol 


LeSTS O1 
DIFFEREN! 


Taste 3—Resutts OF HypRAULIC PRESSURI 
MIACHINED-TO-S1IZE CYLINDERS CAST Ol 
CopPER-SILICON ALLOYS WitHoutr Rusers, MELTED IN 


AiR, AND Pourep AT DIFFERENT LEMPERATURES 
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150 
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100 180 


s—Sound (no leakage under pressure 


ns—Not sound (leaked unde pressure 





of gun metal, valve bronze, and hydraulic bronze, was 
improved when they were annealed for 3 hr. at 1202 I 
(648 C) to 1299 F (704 C) in an air or oxygen-rich 
air atmosphere. The explanation advanced for this 


improvement is that the pores and fine shrinkage 
cracks in the specimens are sealed by the formation of 
oxides of a larger specific volume than the base metal 


An effort by the authors to cure or reduce the leakage 


~ 


a 


alpha plus kappa phases respectively. Etched in alka 
line peroxide (modification of Smith’s reagent). Mag. 


—A, 100X; B, 500X. 














162 


Coprer-Sitics 





{, Anneal 3 hy at 1472 F, hot forged reannealed at 

1472 F for 21 hr, quenched, cold forged, annealed for 

192 hr at 1058 F, and quenched. Mag. —500X. Massive 

constituent, white under microscope in alpha ground 
mass interpreted as kappa phase. 


B, Annealed 3 hr at 1472 F, hot forged, rean) 

1472 F for 21 hr, quene hed, cold forged, anneal 

hr at 986 F, and quenched. Mag.—500X. Massix 

stituent light blue under microscope in alpha groun 
mass interpreted as gamma phase 


Fig. 19—Microstructure of alloy containing 4.7 per cent 
silicon cast in air, Etched in alkaline peroxide (modi 
fication of Smith’s reagent). 


of cylinders by annealing them at 1202 F (650 C) in 
air for 2 hr. did not prove successful. 


IV. Microstructure 


The solubility of silicon in the alpha phase accord 
ing to Smith's diagram (Fig. 1) reaches a maximum at 
5.3 per cent at 1548 F (842 C), decreases to 4.65 per 
cent at 1026 F (552 C) and is less at lower tem- 
peratures. 

The structure of the alloys in the cast condition 
would be expected to differ trom that indicated by 
the constitutional diagram because the cooling rate 
of the casting is seldom slow enough to allow equi 
librium to be reached in the solid state. In the process 
of solidification of a copper-silicon alloy containing, 
for example, 4.7 per cent of silicon, the solid which 
first separates when the alloy begins to freeze will 
contain approximately 2.7 per cent silicon. If the 
cooling at this stage is not slow enough to allow the 
attainment of complete equilibrium, the central por 
tion of each crystal will remain considerably richer 
in copper than the later-formed portions. 

On the basis of Smith’s diagram it may be assumed 
that the last formed crystals are alpha-plus-kappa and 
kappa phases. Smith states, “In castings that have not 
been worked, the kappa phase is largely segregated in 
the last part of the dendrite to solidify and is clearly 
outlined.” During subsequent cooling under equi- 
librium conditions the alpha-plus-kappa and kappa 
phases should transform to the alpha plus gamma 
phase at 1026 F (552 C). However, as stated by 
Smith, and indicated by the work of the present 


authors, the decomposition of alpha-plus-kappa to 
alpha-plus-gamma below 1026 F (552 C) is extremely 
slow unless the metal is cold worked. Thus, the struc 
ture revealed upon examination of the cast 4.7 per 
cent silicon alloy (Fig. 18) was interpreted in light of 
Smith’s findings to consist of dendrites of the alpha 
phase and interstices filled with the banded alpha 
plus-kappa and massive kappa phases. In order to fur 
ther verify this conclusion two specimens taken from 
the threaded end of the same tensile test bar of the 4.7 
per cent silicon alloy were heated at 1472 F (800 ¢ 
for 3 hr, hot forged (60 per cent reduction), given a 
homogenizing treatment of 21 hr at 1472 F (800 ¢ 
and water quenched. Following this treatment on 
specimen was cold forged (50 per cent reduction 
heated to 1058 F (570 C), held at that temperature 
for 192 hr, and quenched in water. The second speci- 
men was cold forged (50 per cent reduction) held at 
986 F (530 C) for 141 hr and quenched in wate! 
Figure 19 shows the structures of these two specimens 
etched with a modification of Smith’s reagent consist 
ing of 20 ml 3 per cent H,O,, 50 ml conc. NH,OH 
5 ml 20 per cent NaOH. 

In conformance with Smith’s constitution diagram 
(Fig. 1) the white massive constituent shown in Fig 
19A was interpreted by the authors as the kappa 
phase. The massive constituent shown in Fi 19B 
appeared light blue under the microscope and in this 
respect differed from that referred to in Fig 19A 
Since the specimen having the light blue partic!cs was 


quenched after cold working from the alph plus 
gamma range 986 F (530 C), this constituent was con 
strued as the gamma phase. On this basis it was con 
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the gamma phase was not present in the 
silicon alloy in the as cast condition 


' ic examination of the 3.5 per cent silicon 
n air revealed that it also contained the 
banded constituents but in smallet pro 


1 observed in the 4.7 per cent silicon 


| 
he 2.0 per cent silicon alloy these phases 
tected 
en demonstrated in this paper that for a 
nt ranging from 2.0 to 4.9 per cent, the 
th of the coppel silicon alloys increased 
crease of silicon content. ‘The elongation 
ith an increase of silicon up to 4.5 per cent 
i further increase in silicon there was a 
ase in this property. In correlating this 
S m with the structures described above, it 
it the increase in strength and the decrease 
tion are associated with the increasing pro 


if the massive and banded constituents 


V. Summary 


In this investigation a study of binary copper 
con alloys was undertaken. In the first part of the 
vork the influence of silicon content and pouring 


mperature on the physical properties was determined 
a series of alloys, containing 2 to 4.9 per cent sill 
m, melted and cast in air. The effect of design of 
nsile bar on the tensile properties also was ascer- 
rained. The authors are aware, of course, that the 
same melt quality may not be optimum for castings 
ff various designs and purposes. In the second part, 
he physical properties of a selected alloy (copper plus 
1.9 per cent silicon) cast under various ambient at- 
mospheres were studied. ‘he atmospheres used were: 
hydrogen, carbon monoxide, helium, air, carbon diox- 
le, and nitrogen. 
lensile tests made using the Navy 10B, keel, 
gate and end-gate types of bars showed that in 


general, the highest tensile properties were secured 
vith the Navy 10B bar. 

. In most cases an increase in yield strength and 
iltimate tensile strength accompanied a decrease in 
ouring te mperature. 

t. An increase in the silicon content increased the 
ield and ultimate strength values and the electrical 
resistivity, but decreased the reduction in area. How- 
ver, elongation increased with increased silicon con- 
tent to 5.5 per cent but decreased sharply with further 
silicon additions. 

». The castings made of the 4.9 per cent silicon 
illoy under atmospheres of hydrogen or carbon mon- 
xide, poured at approximately 2138 F (1170 C), 
possessed lower ultimate strength, elongation, and 
nin area than those made under other gases. 
Castings made under nitrogen showed the highest 
iltimate strength and elongation. The yield strength 
vas practically unaffected by a change in atmosphere. 
Melting and pouring under different gases had 
‘lect on the electrical resistivity and solid con- 
iclion of the 4.9 per cent silicon alloy. 

\o appreciable difference in density was ob- 
‘or the different sections of the stepped-bars 


, ;' ; mee ; 
der helium, air, carbon dioxide, and nitrogen, 
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respectively. The densities of the bars prepared undet 
hydrogen and carbon monoxide were considerably 
lower than those cast under other ambient atmos 
pheres. In addition, the density values of the 1¢-in 
sections in these two cases were considerably greatel 
than those of the heavier sections 

8. The results obtained with the hydraulic pressure 
test indicated that the chief cause of leakage of the 
cylinders was the presence of interconnected shrinkage 
cavities due to inadequate feeding 

9. The results obtained indicate that an increase in 
the proportion of the massive and banded constituents 
interpreted as the kappa and alpha plus kappa phases 
respectively is associated with an increase in strength 
and a sharp decrease in the elongation 
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Chairmar R. M. Brick, University of Pennsylvania, Phila 
delphia 

Co-Chaitrmar ( \. Ropeck, Gibson & Kirk Co., Baltimore 

C. 8S. Smita’ (Written Discussion The extract from my 1940 


paper’ regarding the structure of castings might be amplified 
Ihe last part to solidify is, of course, beta, not kappa I his 
occurs at a temperature of 852 C but is almost immediately 


followed—at 


842 C—by 
alpha to form kappa 


al peritectoid reaction between beta and 
In effect, this results in the replacement 
twice its volume of Kappa without 


of beta by approximately 


significant change in the composition of the contiguous alpha 
\n extremely rapid quench from this temperature would 
Relatively 


enables kappa to precipitate from the alpha in 


phase 


show only alpha plus kappa slow cooling, however, 


those regions 
containing over about 4.6 per cent silicon, producing the oriented 
banded structure so characteristic of these alloys 

It might be added that the machinability of the alloys is greatly 
improved by the presence of small amounts of kappa, either 


massive or in the banded form 


J. E. Crown *? (Written Discussion The data presented is of 


fundamental interest to the commercial producers of copper- 


silicon alloy sand castings. The findings reported by the authors 


furnish a logical basis for determining causes of and remedies 
for defective copper-silicon alloy sand castings which are chroni 
cally produced in commercial foundries where operating con 
Additional 


data pertaining to commercial copper-silicon alloy compositions 


ditions are not as easily controlled as in a laboratory 


such as the 92.5 per cent Copper, 3.0 per cent Silicon, 4.0 per 
cent Zinc and 0.75 per cent Iron used at the Naval Gun Factory 


would be of practical value 


The Fig. LOB test coupon is used at the Naval Gun Factory 
for testing production heats of bronze alloys, such as copper-tin, 
copper-tin-zinc and copper-silicon-zine alloy The tension test 


the Naval Gun Factory have been consistent 
in bars from the same heat and a good measure of the quality 
Naval Gun 


perience, therefore, supports the author’s selection of the Fig 


results obtained at 


of the molten metal from heat to heat Factory ex- 


JOB test coupon for testing foundry practice variations. 
R. A. COLTON 


sky for undertaking work of this type. 
silicon alloys have been much maligned 


1 would like first to compliment Col. Krynit- 
The commercial copper 
undeservedly, | think, 
since they can be a very useful group of alloys. 
I would like to point out some of our experiences with them 
that 
bronzes, we have tried most of the conventional types and have 


may be of interest. In regard to test bar molds for silicon 


found that the test bar mold giving the best properties is the 


so-called “two-bar” aluminum mold, I believe this type bat 
meets ASTM specifications, and since the tensile strengths run 
to 50,000 or 60,000 psi and the elongations up to 80 per cent 
itis an advantageous one to use, 

With che alloys, 


practice is rather simple. The 
clean foundry scrap, or with ingot, and the metal melted with 


the 


charged with 


commercial such as Herculoy, melting 


furnace should be 


an oxidizing flame, using no flux or cover. Care should be taken 
the metal, and an effort made to pour castings 
If the melting atmosphere is correct, and the 


with 


to overheat 
2250 F 


metal temperature kept low 


not 
below 
there should be less trouble 


these allovs than usually found with tin bronzes 


I know of one case where Herculoy is being used in a hydraulic 


valve for a Watson-Stillman_ press This is a rather heavy 
casting, of a l-in. wall section, and has to withstand 6,000 Ib 
internal pressure. When silicon bronze castings do leak, and 


occasionally they do, it is usually from inadequate feeding, 


causing interdendritic porosity, and rarely from gas evolution. 


I believe that Herculoy is a useful metal for high pressure 


valves since castings can be made pressure tight. 

The complaint is occasionally m ide that the silicon bronzes 
I would like to point out, with regard to 
the that 


phase alloys, as the micrographs showed, and as with many two 


do not machine well 


commercial silicon bronzes, most of them are two 


phase alloys, machinabilitv is fair. They do not machine as 


well as 85-5-5-5, but thev can be machined fairly well and are 


1 Institute For the Study of Metals, University of Chicago, Chicago 
?U. S. Naval Gun Factory, Washington, D.C. 
> American Smelting & Refining Co., 


Barber, N.J. 





CoppPer-Sitico 


good casting alloys and can be well recommende 


cngineecring applications because of superior mechan 
resistance 


ties and corrosion 


I know of one shop up in New York State that 
running off cas 
They like the sili, 


come out of the sand clean, m 


con bronzes instead of &5-5-5-5 for 
there is no specific alloy required 
they 


better because 


looking casting and have far superior properties 

E. M 
for the 
data presented in 


Additional 


and reference is made to Fig. 16. 


SMITH Ihe authors are to be commended 


excellent presentation of the considerabl 


their paper. 


discussion of daensity values is desiral 


Restric ting discussic 


prepared under hydrogen, it is shown on the grap 


density of the 44,-in. section is least, contrary to ey 


The viewpoint has been presented by the auth 
the basis of Bailev’s work there were definite indi« 
chill casting tended to increase the density, and sk 


tended to make the castings more porous. It is re 


the authors expand on the significance of the ap, 


crepancy in the density of the 34¢-in. section. | 
pect that the density should be greater if chilling 
affect the density. 


With reference to the data presented in Fig. 16 and 
density values and 
Roughly 


difference 


micrographs in Fig. 17, amount of 


appear to be incompatable computing th 
ot itn 


points for eight hundred between the density of melts 


on the basis of density there is a 


under hydrogen and carbon monoxide a maximum porosit 


about one per cent should be expected. The photomicrog 
indicate that melting under carbon dioxide results in 
porous or most dense casting, that is “D” in Fig. 17. The 


that are indicated, 01 


other hand, that air, CO,, and nitrogen are practically e 


plotted in the preceding Fig. 16 


lent with respect to the effect of atmosphere in density 
Now, 


specimens shown in the photomicrographs? 


do the authors have density values determined o1 


Although the least density plotted in Fig. 16 is 8.28 g 
cc and suggests that one per cent porosity is the maximum 
tained, the photomicrographs certainly indicate that 


pol 
| ( 


substantially in excess of one per cent may be obtained 


Mr. 
the pressure-test cylinders, only on the stepped bars. Wit! 
gards to Mi 


KRYNITSKY: No density determinations were mace 


Smith’s remark concerning a discrepancy obs 


for the density values of the 34¢-in. section I will ask 
Saunders, the co-author of the paper to answer this questir 
Mr. Saunpers: The density determinations made 01 


stepped bar sections under the hydrogen were run severa 
When we saw 1 
tionalize it on the 
\s far as the experimental error is concerned, ‘ 


first the apparent discrepancy we trie 


basis of rate of chill, and it is obvious 


we cannot. 


s 


\ 


time that the experiments were repeated, as far as the dens 


determinations were concerned, the same type of thin 


observed, and I have no concrete evidence or even a sugges 


that should occur 
Was 


as to why 


the 34¢-in. 


/ 


CHAIRMAN Brick: section always | 
density? 

Yes, the original size of that 
thick. After having been cut out ol 
central portion of the stepped bar itself it left a piece pr 


We used small samples. Wé 


Mr. SAUNDERS: specime 


first used was 34¢-in. 


¥%, in. long and 4 in. wide. 


not want to use too small samples because we used th 


of-weight-in-water method of determination which pe 


might not be too accurate. We actually used tw fhe 
samples for checking the values and we reground them | 
emery wheel in between determinations to slightly ¢ ge 
values by perhaps two grams. 

There was some conjecture as to possibly some | ol 
clusion effect, but in each case the skin caused by th 
ground off, and an attempt was made to get well ow 


But on slicing a samp 
whether or not thei 


obvious surface imperfections. 
of course, it is difficult to see 
tiny holes without a careful microscopic examination 


cutting wheel can sometimes smear the surface. 


* Battelle Memorial Institute, Columbus, Ohio. 
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silicon will undoubted 
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s. The worst gasing I have ever seen has existed listurbir the hvdrogen-oxv ge equ i Lithium is rey ‘ 
illoy But there is no need to have it if vou is havin il ithnit tor hydrogen as we s oxveen Rec 
ing atmosphere in the right condition r ttempted to evaluate its chemica ict his respec 
< thing we found namely that cas iW | QOradinat s cm ( r q } r al " ‘ fired « ‘ 
e moisture content ot the sand is very critica furnace mad cast nto egreen sand molds produced souns est 
ff our work n drv sand But if we had a ere bars with excellent properties Wher tl in is added to rhe 
some dry cores we would find that where we same pot of muid meta 1 the rise putted ana he 
ereen sand with too much moisture then whet resultant ist s el porous h we poor properties I hus 
isting out and machined it, the air was filled wit! does not mean that lithium poisoned the silicon bronze, but 
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ind looked exactly like brick dust Ihat oxvgeen content fa wlow that necessary for equilibrium, Since 












xcess OL moisture over 6 per cent 











ime when that condition existed. But there is no ditional hydrogen could be dissolved by the metal. Such | ‘ 

this condition gen could come from the followi: reaction 

at ' ‘ j } r who , 

pressure tests, | ould confirm the speak whi [on 4. BO CuO, +. H 

000 Ib is readily met. We have made many sucl , , 
The wate the above reaction 1s that contained in the sand 

isual cylinder. This cast cylinder had a l-in. wall : : : 
which upon contact with the molten copp forms steam and 

en cast t was machined by removing ; from : » see ‘ ; : 
coppel oxide and tiberates hydrogen I he latter could CASIIN he 





from the outside, leaving only the center core 






sufficient to establish equilibrium conditions or even super 


inv castings that had no leaks when tested at 6,000 
saturate the melt. In 






the case under consideration, hydrogen 






I noticed the casting temperature was given by , 
from the reaction was not requires since the metal when 







sor as t gher than 2200 Wherever possible, we 
r as not highe han — . poured into a hot 100 | cast iron mold puffed badly. Gas 
S { O00 
was evolved which burnt with an almost invisible flame, being 






st bar we used throughout was the keel-block test ba 





tinged only with the green of the copper 


Silicon bronzes once gassed 





s test bar brings out one of the useful features of silicon 






ire extremely difficult to degas 








ely, that in the keel bar, 11% in. square, you have a 





and the only dependable solution to the problem is to pig the 





uniform grain, or almost perfectly uniform. ‘There is , , 
metal and then remelt under oxidizing conditions 






e finer grain on the outside when cast in a dry sand 





Tr} s not the case with the tin bronzes ane accounts \uTHOR’s CLOSURI 





ie 


good pressure results which you get from the use of  — 7 rl th ' re th 
N LY NITS uli rs sure le authors appreciate 






written contributions made on this discussion by Dr. Cyril Stan- 
\l ith . ino 
ie. Sree With reference to the practice of melting, all oun lev Smith and Mr | F. Crown 





pouring test specimens in the first part of the investi 





In interpreting the microstructure of the Cu plus 4.7 per cent 







e made under oxidizing atmosphere in an induction Si allov, as cast. on the basis of Dr. Smith’s diagram, the authors 

ice. We found it was absolutely impossible to get a good have considered the product of the peritectoid reaction which 
e used a reducing atmosphere. The addition of chai orcuss at 062 ¢ 

the melt, while preparing stock metal, would cause such rhe authors agree that it would be of practical value to 





ising that when the ingot was finally poured it re 





obtain additional data pertaining to commercial copper-silicon 





d a sponge 





alloy compositions. Accordingly, in the authors’ opinion, as the 





rt . : 
|. I. Meport In Fig. 16, density vs. size, your highest curve next step in this research, a systematic study of the series of 





be for the 54g-in. bar. In line with chilling im ternary alloys, particularly Cu-Si-Ni and Cu-Si-Zn alloys would 





be ady isable 
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A LABORATORY EVALUATION OF SOME 
AUTOMOTIVE CAST IRONS 


Arthur B. 


ABSTRACI1 


Cupola melted cast trons are examined to evaluate the effec 
of composition and cross section on mechanical and therma 
pr yperties wear resistance and microstructure lest bars. va 
ing in cross sectton from one fourth of an inch Square to one 


and one-half inches square, were cast in green sand molds fo 


eacl f the trons investigated Several carbon-silicon base con 


positions were melted in each type of alloy determine the 


effect of carbon and silicon content 


Introduction 


DHE EFFECT of cross section on the mechanical 
properties and metallurgy of cast iron often is not ap 
pre iated by the design engineer. The purpose of this 
paper is to summarize the results of an investigation of 
the properties of plain and alloy cast irons which have 
been used in piston rings, steam packings and pressure 
seals. The work was carried out in the Foundry and 
Research Laboratory of the Koppers Company, Inc 
Piston Ring Division. 

\ variety of cast iron alloys have been used in 
piston rings and pressure packings in an attempt to 
produce wear resistant materials for applications 
where ordinary cast iron is inadequate. The extreme 
section sensitivity of some of the alloys makes it neces 
sary to produce them in four or five carbon-silicon 
bases. This investigation had as its immediate objec 
tive the evaluation of some of the more regularly 
produced irons to eliminate those showing inferion 
properties and to gain a clearer knowledge of the 


effects of varying cross section. 


Experimental Procedure 


All experimental work was carried out on horizon 
tally-cast test bars, the pattern fon which ts shown in 
Fig. | 


approximately square cross section The cross se 


These consisted of six 10-in., straight bars of 


tional dimensions of the different bars on the pattern 
varied as follows: (A) 11% in. (B) I in., (Cj % in., 
(D) % in., (E) 3% in. and (F) 14 in. 
tional contour of the bars in shown in Fig. 2. The 
patterns were mounted on a 16-inch square pattern 


l he cross $e 


* Assistant to Chief Metallurgist, Koppers Company, Inc 
Piston Ring Division, Baltimore, Md 


Shuck 


plate and the molds were made on a squeez¢ 


de 


in 234-in. depth flasks using production foundry sar 
Ihe molds were stacked four high and poured 

a runner box common to all six sprues. Chokes 
provided in the gates of the four larger bars 
run-off riser was used at the extreme end of all of 1 
bars to remove the first metal and prevent chill eff 
thre 
sect 
and 
tan 
bar: 
apa 
and 
50 | 
test 
imy. 





We: 
D 


shor 
blo 
cast 
buil 
finis 
squi 
a St 
surt 
the 
and 
Spe 
carb 
wer< 
sem! 
were 
peri 
dru: 
and 


by 


Fi 


‘ 


g. 1—Test coupon patterns for section 


sensitivity tests. 


of 


defi 
Fig. 2—Fractures of test coupons. 





itterns produced metal more closely approx 





it found in piston rings than the standard 
1 2 nd 1.20-in. A.S. 1.M. test bars which are cast 


ind poured through a large sprue cup. The 





ime ratios of the square section bars are 





y those of the castings represented than 






yuuind bars, producing more representative 





s. All test castings were -xraved and those 






insoundness were discarded 






Chen il Analysis 





and spectrogra phic samples were prepared 





ction size from each heat. Carbon analyses 





on each sample to show variation in com 





bon content with varying cross section 





( { analyses are reported on silicon, sulphur, 





is, manganese and the alloys 






Mechanical Properties 





| strengths on the three larger sections were 





ta | from standard 1,-1n. diameter test bars. Ten 





on test specimens from the smaller cross sections 





iled down proportionately using a 3¢-in. diam 





eter test specimen from the 14-in. casting, a 14-in 







diameter test specimen from the Jg-In. Casting and a 
M 0.180-in. diameter specimen from the 14-in. casting. 
tT Fach tensile strength recorded was the average of 





three tests. Rockwell hardness was obtained on flat 





sections milled from the test coupons. Elastic modulus 





and impact strength were obtained on miniature rec 





tangular bars measuring 4.0 x 0.260x 0.140 in. The 





bars were loaded beamwise between centers 2.785 in 
apart for elastic modulus. The results were plotted 
and a secant modulus of elasticity was computed at 
50 per cent of the breaking load. Comparative impact 
tests were made on the bars in an inch-pound Izod 









impact tester 





Wear Tests 








Dry wear tests were carried out on the machin 
shown in Fig. 3. The test specimen was a rectangulat 
block measuring 0.500 x 0.500 x 0.285 in. When the 
casting section was below this size, specimens wer¢ 
built up by riveting. A 0.500 x 0.285-in. surface was 
and 10 micro-inches root-mean 


finished to between 
square 1 
a standardized 314-in. diameter cast iron drum. The 


This surface was run brake-shoe-wise against 


surfaces of the drums were prepared by polishing out 
the machining thread marks with 320-grit emery cloth 
and finishing with grade 0 polishing paper. Both the 
specimens and the drums were carefully cleaned with 
carbon tetrachloride to remove all oil and grit. They 
were then weighed to the nearest milligram and as 
sembled in the test rig with a 5-lb. load The drums 
were rotated at 1725 rpm without lubrication for a 
period of one hour, after which the specimens and 
drums were removed from the test machine, reweighed 
and the wear was recorded as milligrams weight loss 
by the drums and the specimens. The tests were run 


expression of surface finish or roughness in millionths 
of ch as the square root of the average of squares of the 





defi m of a diamond tipped tracer moved over the surface 











in duplicate for each material and were repeated if 


10 milligram agreement was not obtained 


Coefficient of expansion and thermal 
critical points 

\ Bristol Rockwell dilatometer was used in the 
study of thermal expansion. Heating rate and cooling 
rate was 400 I pel hour tor all specimens with a soak 
ing pe riod of one hour at 1600 F. Coethcient of expan 
sion was obtained between 100 F and 800 I Im the 
cast irons studied, this portion of the curve was ap 
proximately a straight line. Critical points were de 
termined from the sharp contraction and expansion 


on heating and cooli The permanent expansion of 


1g 
the 3-in specimens alter this cycle is also recorded 

In alloy 6, which is heat treated, a dilatometric 
study of the heat treatment was mad I his consisted 
of a duplication of the standard heat treatment on 
the dilatometer, the specimen being quenched in 
place on the dilatomete This gave information on 
the transformations and the permanent expansion tak 
ing place during the heat treatment. Further con 
sideration will be given to this study under the 


section on alloy 6 


Microstructures 


Microscopic studies of the materials were made from 
specimens taken from the middle of the 10-in. long 
bars. Photographs were taken at a point midway be 
tween the center of the cross section and the cope side 
for comparison. Graphite size and type are described 
in accordance with the Tentative Recommended Prac 
tice for Evaluating the Microstructure of Graphite in 



































ee 





Fig. 3—Drum and specimen assembly dry wear test. 


























168 LABORATORY EVALUATION OF AUTOMOTIVE ( 
Gray Iron, A.S.1.M. Des. A 247-T. Studies of the PaBLeE 1-A—CHEMICAL COMPOSITION—Ty; 
matrices were made visually at 10OOX, 500X% and 1000X UNALLOYED Cast IRON 
over the entire cross secion. ( F a 
: . TOSS 
Ihe following types of cast iron alloys were exam Heat Section 
ined and are reported in this paper: No. in.sq. T.C. GC. CA Si S P 
250A 14 3.71 3.33 0.33 
Number of B | 367 3.07 0.60 
Carbon-Silicon ‘ 3.69 3.04 065 2.69 0.060 0.51 
‘2 
1 2 "EF 2 2 whl 
Ly pe Alloy Bases D 72 Gis 05 Vie 
| vA 3.71 3.05 0.606 
. l 8.75 2 90 0.85 
l. No Alloy ) I ‘ . : 
‘ . 285A l BS 3.11 0.44 
2. Nickel-Chromium } : we 
a B ] 6.53 2999 0.54 
; . >) 
»} Nickel-Molvbdenum 2 ( 357 293 0.64 2.52 0.071 0.40 
t. Chromium-Molybdenum | D 358 2.90 0.68 ‘ 
5. Molybdenum 9 I , $3.56 2.87 0.69 
6. Nickel-Molybdenum-Chromium i “4 OF 2.84 = 0.73 
202 53 2.88 0 
(Heat Treated) | \ lV, ‘ ” a 
B l 57 2.77 0.80 
( A $3.52 2.78 0.74 2.05 0.072 0.37 
Phe alloys were melted as part of production cupola D Yo 361 281 0.80 
19 | . | ; el I vA $61 280 O81 
runs in a 42-in, front slagging cupola equipped with y 62 278 ORd 
" " , 
blast heating and drying equipment. Blast tempera O534 1% 348 283 065 
tures were between 400 F and 600 F with a moisture B | 8.53 288 0.65 
content of less than 3 gr per cu, Forehearth tem ( , $62 285 0.77 180 0.065 0.35 4 
peratures were measured at between 2750 F and 2900 D Ye 3.57 2.76 0.81 
. . 3 $57 2.79 0.78 
F. Ladle inoculation was not used to prevent unde . 0.78 
. — I 4 3.58 2.62 0.96 
cooling. Ihe alloys were produced by additions of ; a 
| Il ‘ lad] I83A 114 344 2.76 0.68 
erro-a oy at t Ti pouring adle and some of these B ; $41 261 0.80 57 0.062 024 0x8 : 
show a slight inoculating effect. The metal was trans ( 3, 343 267 0.76 
ferred from the forehearth to molds in 400-Ib. D 4 Specimen 14 in. sq. and 
covered ladles. ‘Temperature loss in the pouring ladles E % under were not machinable. 
- . ; F 1 
was between 100 F and 150 F. . 
laste 1-B—MECHANICAL PROPERTIES— TYPE 1—UNALLOYED Cast IRON 
Cross \verage Impact . 
. Wear Tests, loss, mg 
Heat Section Tensile Hardness Elastic Strength ; : 5 ™ 
No in. sq Strength, psi Rb Modulus in.-lb. Spec. Wear Drum Wear Total Wear 
250A li, 25,000 64 1.6x106 1.0 31.5 36.3 67.8 
B l 20,700 69 +.7x106 3.7 27.5 $2.6 60 
( A 24,000 84 7.1x106 3.0 38.7 $2.2 70 
D \/, 27,000 9] 9.3x 106 25 $1.1 $1.2 §2 
I ® 35,000 93 10.3x 106 2.5 35.4 31.2 66.6 
I 4 37,200 97 12.1x106 2.7 2.8 27.4 80.2 
Q85A 14 20,600 67 5.2x106 3.5 60.3 26.1 86.4 
B l 21,500 73 8.9x 106 3.0 16.0 29.2 75.2 
( ‘ 27,500 87 9.5x106 3.0 41.3 34.4 75.7 
D VA 34,300 95 13.2x106 3.0 50.5 28.1 78.7 
I vi $5,000 99 13.2x106 3.5 53.8 25.5 79 
I 4 13,200 102 13.7x106 3.3 56.2 24.1 Bf 
O52 71 19,900 77 6.5x106 3.0 38.0 31.8 69.8 
B l 20,000 8] 6.9x 106 3.0 25.7 28.6 14.3 
( ; 25,000 88 8.3x106 2.7 35.9 31.5 74 
D \ 32.100 4 8.3x106 3.0 45.6 294.9 0.5 
I ‘ 35,900 96 11.5x106 25 59.2 19.4 78.7 
I 4 £5,900 100 14.9x 106 3.0 56.8 29.3 st 
253A 11% 27,100 82 10.2x106 3.3 34.1 33.1 67.2 
B l 25,700 88 9.1x106 3.0 36.7 33.8 70.5 
( A 29,900 92 10.2x 106 3.3 36.0 35.9 9 
D 1 35,900 97 12.9x106 2.9 64.2 25.5 89.7 
I s 13,100 101 13.8x106 3.4 75.0 89.8 +5 
I l/ 38,000 105 19.3x106 3.3 78.1 17.2 - 
283A 1% 33,000 84 11.2x106 8 30.6 38.3 8.9 
B l 33,200 89 11.5x106 3.6 41.8 34.6 6.4 
C 4 35,100 o4 12.3x106 3.0 43.5 $5.4 388.9 
D 4 
I ® Test specimens less than 14-in. square were not machineable 
I 4 
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TABLE 1-C—MICROSTRUCTURES AND THERMAL PROPERTIES—IyrE I1—UNALLOYED Cast IRON 
Cross Coefficient Lowe! Permanent 
Section Graphite Microstructure of Expansion Critical Expansion 
sq AFA-ASTM Matrix Remarks Per °] Heating, °F. in 3in., in 
\ Ferrite—50' Secondary Ferrite? 
Pearlite—50‘ 
l 3-1-A Ferrite—25' Secondary Ferrite? 
Pearlite—75‘ 
ti—5-AB Ferrite 10 Secondary Ferrite? 
Pearlite—90 
15-AB Ferrite—2‘ Secondary Ferrite? 
Pearlite—98' 
A 5-AB Ferrite—2° Secondary Ferrite? 6.44x10- 1410 0.02% 
Pearlite—98 
6-7-AB Pearlite 100 
l s— A Ferrite—70 Secondary Ferrite 
Pearlite 0) 
l tA Ferrite—30' Secondary Ferrit« 
Pearlite—70 
5—-A Ferrite—25°‘ Secondary Ferrite 
-earlite—75‘ 
6-A Ferrite—2‘ Secondary Ferrite 
Pearlite—98 6.07x10- 0.0184 
6-7-A Pearlite—100* 
7-8-ARB Pearlite--97' Eutectiform Ferrite? 
Ferrite—3‘ 
l A Ferrite—10' Secondary Ferrite 
Pearlite—90' 
1—\ Ferrite—2°% Secondary Ferrite 
earlite—98' 
‘ 5-A Ferrite—2 Secondary Ferrit« 
Pearlite US8°, 6.55x10— 140 OO?) 
>-AB -earlite—100° 
8 6-8-AD -earlite—100' 
‘ 6-8-D Pearlite—97° Eutectiform Ferrite 
Ferrite—3‘ 
114 j—4—-A Ferrite—5°% Secondary Ferrite 
Pearlite—95% 
l 1—-5-A Pearlite—100° 
5—-A Pearlite—190° 6.20x 10-6 1420 O.O1R 
5-6-B Pearlite—100‘ 
A 6—-7-B Pearlite—98°, 
Ferrite—2% Futectiform Ferrit« 
‘ 8-D Pearlite—98°, Futectiform Ferrite 
Ferrite—2°, 
Massive cementite Cementite needles 
11% 5—4—A Pearlite—100% 
l 1—5-A Pearlite—100% 
5-A Pearlite—98°% 
Ferrite—2% Eutectiform Ferrite 
5-6-B Pearlite—90°, 6.20x 10-6 1420 0.018 
Ledeburite—10% 
8 6-7-B Pearlite—30% 
Ledeburite—70°% 
8-D Pearlite—10% 
Ledeburite—90°%, 
e term “secondary ferrite’ will be used throughout to designate the ferrite associated with normal flake graphite eutectiform 


to designate ferrite occuring with eutectiform 


Type D) graphite 





it possesses a satisfactory microstructure. 


taken from the cupola. 


Analytical Data 
Type 1 Unalloyed Cast Iron 


| alloy is an unalloyed gray cast iron. Field 
is Shown it to be highly wear resistant in appli 
where lubrication is good or moderate, pro 
In the 
ng test the five carbon-silicon bases are as they 
rhe chromium content 
lual from the scrap iron and the steel used in 
See Tables 1-A, 1-B and 1-C. 


irge. 


Microstructure. The unalloyed type | iron is 


the coarseness of the pearlite increases with 
the lables 


pearlitic, 
the cross-sectional dimensions of casting. 
1-D and 1-E show the types ol graphite, occurrence of 
ferrite 


massive carbides and distribution of primary 


accords to crTross- 


«cr 
iP 


pearlite and secondary ferrit 


sections. See Fig. 4, 5, 6, 7 and 8. 


Observations 


l. In each case where ecutectiform ferrite and Type 
D graphite occurred in the cross-section, total wear 
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increased to above 80 milligrams and specimen wea 


was in excess of 50 milligrams. 


©) 


Wear decreased as graphite flake size increased 
in the absence of primary ferrite. 


, 


». Wear increased slightly with the occurrence olf 


large amounts of secondary ferrite in the large 


CTOSS-SCCLIONS. 

1. Tensile strength, hardness and elastic modulus 
increased with decreasing cross-section associated with 
a generally finer structure of the iron and the in 
creased combined carbon content in the smaller cross 
sections. This is effective only to the point where 


massive carbide or Type D graphite begins to form. 


Type 2 Nickel-Chromium Alloy Cast Iron 








LABORATORY EVALUATION OF AUTOMOTIVE ( 
more severe applications than Type | alloy 
content of the four different materials list 
lar; the difference being in the carbon a 
Tables 2-A, 2-B and 2-C. 


There is insufficient al 


content. See 
Microstructures. 

material to change the pearlitic matrix struct 

principal benefit of the alloy addition was 1 

the combined carbon content of the mate 0 

10 per cent primary ferrite occurs in Heat \ 

in the 114-in. cross-section, the chromium 5 

the combined carbon. The relatively high n 

tent prevents the formation of massive carbides j) 

smaller cross-sections. Type D graphite occurred o 

in 14-In. square, cross-section F. This cast in 


the least section sensitive of the irons tested. § 











Type 2 alloy is a nickel-chromium alloy used in lables 2-D and 2-E and Fig. 9, 10, 11 and 12 
Paste 1-D—OcCURRENCE OF GRAPHITE LT yPES OF Mas Paste 1-E—MarTrix IN VARIOUS CROss-SECTIONS* 
SIVE CEMENTITE IN VARIOUS CROss-SECTIONS*—TyYPE | Type 1—UNALLOYED Cast IRON 

UNALLOYED Cast IRON i savemeen 
Eutectiforr 
Types A and B I'vpe D Massive Secondary Ferrite Pearlite Only Ferrite an 
Heat No Graphite Graphite Carbides Heat No and Pearlite Cross Section Pearlite 
Cross Section Cross Section Cross Section Cross Section 
250 1.3.4. B24 250 A,B,C, D,E 
QR5 1.3.4. BD. E.3 I PR5 A,B,C, D I I 
252 A,B,C, D, E, I I 282 A. B, DI I 
253 A,B,C, D, I EI FE 253 \ B.C, D E, I 
285 A. B, ¢ C, D, E, F DE, F 283 \.B C,D,E,} 

* Cross Section: A—1Il4 in. sq.; B—I in. sq.; C—34 in. sq * Cross Section: A—I1l4 in. sq.; B—I in. sq.; (¢ ; in 

D—14 in. sq.; E—% in. sq.; F—) in. sq D—1 in. sq.; E—3% in. sq.; F—14 in. sq 
\—It, In B In ( , In 





Fig. 4—Unalloyed iron, Heat No. 250, Mag. 100X, picral etch. 
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Type 1, unalloyed iron, Heat No. 


9572 


Mag. 100X, picral etch. 
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Fig. 7—Type 1, unalloyed iron, Heat No. 253. Mag. 100X, picral etch. 


A—11% In. B—1 In. C—3/ In. 





D—1% In. E—3% In. F—14 In. 


. 8Type 1, unalloyed iron, Heat No. 383. Mag. 100X, picral etch. 
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bse tions . A comparison of the tensile strength of type 2 
conclusions reached on the eflect of the alloy with the strength of the unalloyed material in 
ure on the wear and physical properties of the proper cross-section is shown in Table 2-1 1 he 
are also true in type 2 alloy. average increase in strength with the addition of the 
chromium and nickel alloy additions tend chromium-nickel alloy was approximately 26 per cent 

the pearlitic phase and to increase th above that of unalloyed iron 
nsitivitv, reducing the amount olf eutecti t. Because of the ereater uniformity of micro 
secondary ferrite and the massive carbide structure and smaller tendency for the formation ol 
primary ferrite in the heavy sections and eutectiform 


PE 2—CHROMIUM NICKEL ALLOY Cast IRON 





No bar ran 
3.07 


) 


) 
Qn 
) 
> 
) 





TABLE 2-B—MECHANICAL PROPERTIES— | yPE 2—CHROME-NICKEI YS 





We: . loss . 
Cross Impact Vear Tests, | =G 


Section, Average Tensile ardness Elastic Strength Drum Fotal 
in. sq Strength, psi Rb Modulus in.-Ib Wear Wear 


]! 95,800 ' 2x 106 or 69 
l 26,100 5 8.1x106 An 9 6 
28 300 8.9x 106 
80,600 1x106 
£5,100 7 1x106 


25,000 5x 106 
31,500 ' 7.8x 106 
$1,500 8 9x 106 
$1,000 9.6x106 
42.100 10.4x 106 
54.100 12.6x 106 
24 900 SxS 7.0x 106 
27,900 c 9.4x 106 
40,400 4x 106 
$1,800 3.5x 106 
14.200 3.4x105 

16.2x 106 
39,600 12.1x106 
42 600 13.5x106 
46,400 15.0x 106 
51,300 14.7x106 
52.500 16.5x 106 
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PaBpLe 2-C—MiICROSTRUCTURE AND THERMAL Propertirs— Type 2—CHROME-NICKEL ALLOYs 
fica a 
Lowe 
Cross Te Coethcient Critica 
Heat Section Graphite of Expansion Heating 
No sq AFA-ASITIM Matrix R« rks per ‘I I 
11 \ ,—A Pearlite—90° 
Ferrite—10* 4 
B I 1—\ Pearlite—95‘ 
Ferrite—5' 
( 1—\ Pearlite—98' N 
Ferrite—2‘ 
D 6-AB Pearlite—98 é 
Ferrite—2‘ b.27x il 1480 ? 
I 7-Al Pearlite—100 ¢ 
\ 
x \ {-\ Pearlite—98 
Ferrite—2' 
B {—A Pearlite 100 
( 15-A Pearlite—100 6.18xX 10+ 1410 
I) AB Pearlite—100 
| 4 »-6-AB Pearlite—100' 
I 7-8-AD Pearlite—95 Futectiform ferrite 
Ferrite—5‘ 
A | 2-3-A Pearlite—100° 
B | 1A Pearlite—100°; 
( t—-5-—A Pearlite—100° 6 58x 10-6 1405 9 
D 5-6-AB Pearlite— 100°, 
i a 6-7-AB Pearlite—100° 
I ‘ 7-8-AD Pearlite—98°, Eutectiform ferrite 
Ferrite—2' 
STA 1% 3A Pearlite—100°% 
B l 4-A Pearlite—100°; 
( 15-AB Pearlite—100°% 6.80x 10-+ 1380 0.009 
D 5 6-A Pearlite—100% j 
I - 6-8-ABD Pearlite—99° Eutectiform ferrite 
Ferrite—1% 
I f 
Paste 2-D—OccuRRENCE OF GRAPHITE LYPES AND PABLE 2-E—Marrix COonpiTion IN VARIOUS CROSS 
Massive CARBIDE IN VARIOUS CROSS-SECTIONS* AND SECTIONS* AND ANALYSIS OF LyPE 2 
ANALYSES OF Lypr 2—CHROMIUM-NICKEL ALLOYS CHROMIUM-NICKEL ALLOY 
Type D Massive Eutectiforn 
Heat Flake Graphite Graphite Carbides Primary Ferrite Ferrite and 
No Cross Section Cross Section Cross Section Heat and Pearlite Pearlite Only Pearlite 
No Cross Section Cross Section Cross Sect 
341 \, B.C, DI F?) None None 
378 \.B,C,D.E,} None yal \, B.C, D E (F?) 
342 \.B.C,D,E.I i None 5/8 B,C, D,E 
$71 \. B.C, D.E.1 None dan \, B,C, D,} 
371 41.8.C,D E, (Fr 
Section A—l14 in. sq.; B—1 in. sq.; ¢ ; in. sq.; D—l, in. sq Section A—114 in. sq.; B—1 in. sq.; ¢ ; in. sq.; D n. S 
I , in. sq.; F—% in. sq I ; in. sq.; F—1l4 in. sq 
Paste 2-F—COMPARISON OF TENSILE STRENGTH (PSI) am - eG COMPARISON oF Exastic Moputus—Tyri 
- 2—CHROMIUM-NICKEL ALLOYS AND [TYPE | 
or Type 2—CHROMIUM-NICKEL ALLOY ; , 
UNALLOYED Cast IRON 
Cross 
Section \ B oe \ B 
in. sq I vpe 2 Material Type | Material \B in. sq rype 2 Material ype 1 Material B 
A £5,100 37,200 1.2) 4 9.1x106 10.3x 106 88 
A 12,000 35.000 1.20 a 10.4x 106 13.2x106 y 
11.800 $2,000 1.30 13.5x106 8.3x106 () 
16,400 35.100 1.31 , 15.0x106 10.2x106 7 
Averages 13.800 36,300 1.26 Averages 11.9x 106 10.5x106 8 














34]. Mag. LOOX, picra ¢ 





? nickel-chromium alloy iron, Heat No. 378. Mag. 100X, picral etch. 
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Fig. 11—Type 2, nickel-chromium alloy iron, Heat No. 342. Mag. 100X, picral etch. 





D—1% In. E—3% In. 


Fig. 12—Type 2, nickel-c hromium alloy iron, Heat No. 371. Mag. 100X, picral etch. 
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LABLE 3-A—CHEMICAL COMPOSITION— lLyPE 3—NICKEL-MOLYBDENUM ALLOY 


















Cross 






section 


sq 







? 65 





Non-machinable 










41 


9Q5 














3.43 2 69 
D ! +44 ? 66 0.78 0.54 184 O58 
5.42 
, 43 









2 69 






2? 60 




















Tyree 3—NICKEL-MOLYBDENUM ALLOY 





PABLE 5-B—MECHANICAL PROPERTIES 











Cross Impact Wear Tests, loss, mg 





H Section Average Tensile Hardness Elastic Strengt! 
N in. sq Strength psi Rb Modulus in.-ll Spec. Wear Drum Wear Total Wear 
















54.500 16.0x 10 ,O 10.2 5 









B | 8.000 Q5 16.5x 108 a0 17.4 so 70.4 
( 41.900 OR 16.0x 108 1.3 60 16.7 72.7 
D 51,000 gg 17.4x10¢ qs 53 | 116 "47 
| 4 47.500 104 16.7x10¢ 5 6.5 08 75.8 
| Not machinable 









51.300 13.4x10¢ 646 


9] 








B l No test casting available 

( A 12. 800 46 14.2x106 6.0 97.9 {8.7 66.6 
D 51.800 108 15.6x 106 5.0 12 ‘9 ] 70.3 
| 4 52 200 106 16.9x 10 58 85.7 40 79.7 
| A Not machinable 



















CABLE 3-C—MICROSTRUCTURES AND THERMAL PROPERTIES—ITyPE 3—NICKEL-MOLYBDENUM ALLOY 
















Lowel Permanent 






Cross Coefhicient Critical Expansion 





Heat Section Grahpite of Expansion Heating in 3 In 
in. sq \FA-ASTM Matrix Remarks Per ° I In 


















873A l S-A 100% Ferrite—10°% 
Pearlite—90” 










Ferrite—5°% 
Pearlite—95‘ 











Ferrite—5% 

Pearlite—95% 
Ferrite—10°% 
Acicular—5°% 


Pearlite—85° 









6.59x 10-6 

















Ferrite—5% 
Acicular—60” 
Pearlite—35% 













Ferrite—5°%, 
Acicular—90' Eutectiform ferrite 








Pearlite—5°, 
Ferrite—2°, 
Pearlite—98' 









Acicular 
Pearlite 















90% 
10° 6.38x 10-6 1400 0.012 


Acicular—100°% 






Acicular—100°, 








Acicular—100°, 
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MATRIX CONSTITUENTS 
lyre 3 


TABLE 3-D—DISTRIBUTION OF 
VARIOUS CROSS-SECTIONS OF 
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DISTRIBUTION OF GRAPHITE IN 
Type 3—NICKEL-MOLYBDEN 


TABLE 3-E 
CROSS-SECTIONS 











NICKEL-MOLYBDENUM ALLOY a 
Type D 
Pearlite and Acicular Heat Flake Graphite Graphite 
Secondary’ Pearlite A\cicular Aciculat No Cross-Section Cross-Section ( 
Heat No Ferrite Ferrite Pearlite Only 
, -_ , + 
173 \ BC DEI ] 1..2¢.¢C., DE. 1 ] 
44 \ B ( D.E.} i4 A.C. DE. 3 EI 
——— 
Labre 3-f—COMPARISON OF [TENSILE STRENGTH, ELASTIC MOpULUS AND IMPACT RESISTANCE IN Lypy 
NICKEL-MOLYBDENUM ALLOY AND [Tyre 1—UNALLOYED Cast IRON 
l ensile Strenth Elastic Modulus Impact St 
Heat \ B ( D 
No Section Type 3 Type | Type 3 Type ] Type ) [ve 
373% l 51.000 82 100 17.4x106 &.3x 106 15 
44 A 12.800 35, 100 14.2x 106 10.2x 106 6.0 ( 
Averages 15.800 $3,000 1L5.8x 106 9 3x 106 5.3 





ferrite and Type D graphite formation in the smallei 
sections, wear was more uniform than it was in the 
unalloyed cast iron. ‘Type 1 cast iron ordinarily 


showed only one of the sections entirely pearlitic 
) 


while the matrices of the type 2 allovs have three or 


more sections entirely pearlitic and only a very small 
amount of ferrite in the other sections. 


5. The modulus of elasticity is higher in the type 


2 alloyed material than in the type | unalloyed cast 


= 


iron in the larger cross-sections. Comparison is given 
in Table 2-G. 


Type 3 Nickel Molybdenum Alloy Cast Iron 


The third alloy tested was a_ nickel-molybdenum 


alloy containing 1.30 to 1.85 per cent nickel and 0.50 
to 0.70 per cent molybdenum. This is acicular mat 
rial used to withstand severe impact. Chemical! analy 
ses, mechanical properties, and microstructures ar 
shown in Tables 3-A, 3-B, 3-C, 3-D, 3-F. 
Microstructures. Sufficient nickel and molybdenum 
are present in the type 3 alloy to produce an acicular 
matrix structure in the as-cast condition in the proper 
cross-sections. In Heat No. 373, with a silicon content 
of 2.73 per cent, the acicular structure was produced 
in all sections less than 14 in. square, in Heat No. 344 
with 1.96 per cent silicon and approximately 1.75 per 
cent nickel, the acicular structure was produced in 


all sections under 34 in. square. This matrix gives 





Paste 4-A—CHEMICAL CompositTionN— Type 4—CHROMIUM MOLYBDENUM ALLOY 
Cross 
Heat Section 
No in sq 14 G.C, cA Si S P Mn C1 M 
SIOA lls $3.65 $.20 0.45 0.59 0.36 056 
B l 3.66 3.08 0.48 0.62 0.35 0.56 
( A 3.68 $.05 0.63 0.63 0.32 047 
D l% 3.76 8.05 0.71 3.20 0.053 0.55 0.62 0.32 0.45 
| R 3.79 3.11 0.68 0.62 0.34 0.44 
I 14 3.80 3.12 0.68 0.62 0.31 04) 
SILLA li 3.59 2.97 0.62 
B | 4.48 2.75 0.68 
( A 3.55 2.84 0.71 2.95 0.064 0.48 0.51 0.35 
D 3.55 88 0.67 
I 4 3.59 2.90 0.69 
I A 3.58 2.80 0.78 
SI2A 1! 5.34 2.70 0.60 
B l 36 2.73 0.63 
( 3.38 2.69 0.69 
D 5.40 2.67 0.73 2 33 0.067 0.34 0.60 0.31 2 
I a 3.39 2 63 0.76 
I 14 3.39 2.65 0.74 
SISA lis %.71 3.08 0.68 
B l 3.78 3.00 0.78 
( 3.77 3.01 0.76 1.72 0.078 0.31 0.63 0.46 
dD 3.77 2.98 0.79 
I ‘ 3.77 2.87 0.80 
I / Unmachinable 
— 
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Fig. 14—Type 3, nickel-molybdenum alloy iron, Heat No. 344. Mag. 100X, picral etch. 
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LaBLE 4-B—MECHANICAL PRoPpEeRTIES—T yrpE 4—CHROMIUM MOLYBDENUM ALLOY 























ei a 
Cross Average Impact Wear Test. loss mg 
Heat Section Tensile . Hardness Elastic Strength, Spec Drum : 
No in. sq Strength, psi Rb Modulus in.-lb Wear Wear : 
SIOA 114 26,300 90 8.7x106 2.5 27.5 34.6 
B l 23,200 83 9.7x106 20) 3.3 34.1 
( /, 26,900 98 10.8x106 23 12.6 37.6 
D Vy 13,900 6 12.0x 106 2.5 $2.9 14.9 
I Me 15.400 OR 12.4x 106 9 3 192.6 37.6 
| 4 48,600 101 12.5x105 25 103.8 84.6 
SILA 114, 24,500 83 11.5x106 2.3 
B l °6 200 86 10.2x 106 95 41.9 33.1 
( ; 24,700 89 11.2x106 2.5 10.4 29.0 
2) 4 88,400 93 12.6x 106 95 14.0 $2.5 
I yA 16,800 OG 14.1x106 97 66.7 31.3 Q 
I 4 12.200 102 16.6x 106 2.5 98.2 27.1 
S12A 1, 36,400 90 9.3x 10 35 33.6 33 7 
B l $8,200 4 12.7x 106 a) 50.1 23.7 
( ; $1,400 OG 13.4x 106 3.0 46.8 328 
D Ve 50,500 98 13.4x 106 3.2 18.5 37.7 89 
I 4 50,100 QQ 15.0x 106 3.0 
I /, 63,800 104 16.2x 106 3.8 53.7 7.8 
SISA j! 29 700 87 8.5x 106 3.5 37.3 $1.6 8 
B l 26,900 GO) 10.7x106 3.5 $0.9 $3.5 
( A 88.100 Th) 111x106 1.0 12.6 11.5 84] 
D Z 52,000 97 33.2 17.8 8] 
| I 4 50,900 102 86.6 57.3 98 9 9 
| I \4 Not machineable 
the alloy an increased resistance to impact over the ium. Both the chromium and molybdenum activ: 
pearlitic irons. Both Type | and Type D graphite stabilize the carbides and by holding silicon to a | 
were observed in this iron. The types of graphite and level, graphitization is reduced. This iron has be 
matrix structure according to cross-section and analy successfully used in applications where temperatures 
sis are listed in Table 5-D and 3-E. See Fig. 13 and 14. up to 800 F are encountered and excessive expansio! 
Observations and creep is observed with the unalloyed iron 
, ° wr . ° ( 
|. Wear tests show the material to be about equal Tables 4-A, 4-B, 4-C show the chemical compositi ' 
to the unalloved iron in resistance to wear. and mechanical properties and microstructures in fo 
2. Table 3-F is a comparison of tensile strength, different carbon-silicon levels of this alloy. 
elastic modulus, impact resistance for type 3 material Microstructure, Graphite and carbide distribu 
and type 1 unalloyed cast iron. by cross-section is shown in Table 4-D. 
5. The structure of the Type 3 alloy is very sensi 
tive to changes in cross-section. Ordinarily the acicular 
structure is produced in cross-sections of different CABLE 4-G—COMPARISON OF PERMANENT EXPANSION 
sizes by varying the amount of nickel and molyb Tyrer 4—CHRomMiIUuM MOLYBDENUM ALLOY AND Typ! 
denum added. In a 1-in. cross-section it is necessary UNALLOYED Cast IRON 
to add more nickel and molybdenum than in a 34-in. lar 
. . . -ermanent Growtl Permanent Grow 
cross-section in order to produce the completely acicu harap mere ( 
; Heat in 3 In., in. in 3 In., in 
ar matrix structure. No. Type 4 Material Type 1 Materia 
310 0.0105 0.0260 
Type 4 Chrome Molybdenum Alloy Cast Iron 311 0.0135 0.0184 
. or ~ 9 9 OO? 
Lhe type 4 alloy contains from 0.25 to 0.50 per cent 312 0.0121 ; He 
) . : 318 0.0074 0.0180 
of molvbdenum and 0.30 to 0.60 per cent of chrom- N 
Paste 4-F—COMPARISON OF TENSILE STRENGTH AND ELAstic MODULUS IN TYPE 4 
CHROMIUM MOLYBDENUM ALLOY AND Type 1—UNALLOYED Cast IRON 
a _ 
Tensile Strength, psi Elastic Modulus 
Heat Cross A B Cc D r 
No Section, in sq. Type 4 Material Type 1 Material Type 4 Material Type | Mater 
if) 
$10 y 48,600 37,200 12.5x106 12. 1x10 Obs. 
811 4 46,800 35,000 14.1x106 13.2x10 ; 
$12 VY 50,500 $2,100 13.4x106 8. 3x10 
313 %/, 38,100 29,900 11.1x106 12.5x10 Ite 








re 4-C—MICROSTRUCTURE AND THERMAL PROPERTIES—IT yPE 4—CHROMIUM MOLYBDENUM ALLOY 





Permanent 
Cross Microstructure Coefficient of Lowel Expansion 
Section Graphite . Expansion Critical in $In 
n. sq AFA-ASTM Matrix Remarks Per °T °} In 


114 ‘ Pearlite—60°, 
: Secondary Ferrite—40% 

Pearlite—8)5™ 
Ferrite 
Pearlite 
Ferrite 4 6.54x10- ro 0.0105 
Pearlite 
Ferrite 
Pearlit 


Pearlite 

Ferrite 

Pearlite 

Ferrite 

Pearlite 

Ferrite— 

Pearlite Eutectiform ferrite 
Ferrite 

Pearlite : Eutectiform ferrite 
Ferrite / Eutectiform ferrite 
Pearlite ; Eutectiform ferrite 
Ferrite 

Pearlite 

Ferrite 

Pearlite ; 6.05x10-6 
Pearlite 

Pearlite / Eutectiform ferrite 
Ferrite 

Pearlite—98°% Cellular phosphide 
Ferrite 

Pearlite 1% Cellular phosphide 
Ferrite 

Pearlite—100% 

Pearlite—100% 

Pearlite—100° J 6.0x 10—t ) 0.0074 
Pearlite—98°, 

Ferrite—2°, Eutectiform ferrite 
Pearlite—92% 

Ferrite—2° Eutectiform ferrite 
Massive Carbide 

Pearlite—10% Eutectiform ferrit 
Acicular—25' 

Ferrite—20‘ 

Massive Carbide—45‘ 





LE 4-D—DIsTRIBUTION OF GRAPHITE AND MASSsIv1 TABLE 4-E—DISTRIBUTION OF MATRIX CONSTITUENTS IN 
CARBIDE IN VARIOUS CROsSS-SECTIONS OF TYPE 4— Various Cross-SECTIONS—IyPE 4 
CHROMIUM MOLYBDENUM ALLOY CHROMIUM MOLYBDENUM ALLOY 








Wherl Secondary 
Graphite Graphite Massive 


Pearlite 


: Pearlite Acicular 
ake Graphite Present in Present in Carbide Ferrite + Pearlite Eutectiform 


; ; eran ' . 
Present in Cross- Cross- in Cross- Pearlite Only 


Secondary 
‘ . ; : . : ferrite Ferrite 
ross-Section Section Section Section 

D, E, F DLE } A, B, &, D 

,D,E,]} D, I A4,.B.C 


B 
B, 
B,C, D,E DE 3 A 
3, C.D D.E L, F 








type of matrix by cross-section is as shown in ture gives a fairly high hardness, strength, and modu 
E. See Fig. 15, 16, 17 and 18. lus of elasticity, but very poor wearing properties 
Observations 2. A comparison of strength and elastic modulus 
le material shows a decided tendency to form for type 4 alloy and the unalloyed cast iron in the 


rm ferrite and graphite. This type of struc- proper cross-sections is as in Table 4-F 
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311. Mag. 100X, picral etch. 

















I'ype #, chromium-molybdenum alloy iron, Heat No. 312. Mag. 100X, pre ral etch 


I'ype 4, chromium-moly bdenum alloy iron, Heat No. 313. Mag. 100X, picral etch 
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19—Type 5, molybdenum alloy iron, Heat No. 286. Mag. 100X, picral etch. 
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‘ig. 20—Type 5, molybdenum alloy iron, Heat Nu. 278. Mag. 100X, picral etch. 
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ymeter studies lead to the conclusion that hours, and cooling at the rate of 400 I pel hr tor 
ce of this material to growth is as much as type 4 alloy and type | unalloved cast iron ts given 
of the silicon content as of the alloy con in Table 4-G. 
be ym parison of the permanent increase 1n Lhe average growth of the type 4 material was only 
K heating from room temperature to 1600 53 per cent of that of the unalloved material 
of 400 F pe hr, holding at 1600 F for two t. Wear was greater on the type 4 material than 
~ 
y 
* ae 
J PABLE 5-A—CHEMICAL COMPOSITION OF LyYPE 5—MOLYBDENUM ALLoy Cast IRON 
—_ 
o Cross 
i, section, in Sq 
; 
i) 
> 





TABLE 5-B—MECHANICAL PROPERTIES OF LyPE 5—MOLYBDENUM ALLOY Cast IRON 





Wear Test, loss, mg 
Cross Impact 


Section Average Tensile Hardness Elastic Strength Drum Total 
sq Strength, psi Rb Modulus Ib Wear Wear 


18,700 74 +.4x106 } 26.3 
18,300 76 6.2x106 F 9 29 6 
26,900 89 10.2x 106 ‘ 5 29 4 
30,900 10.4x 106 
+7 600 10.8x 106 
48,500 13.1x106 
25 ,000 10.3x 106 
31,500 8} 10.4x106 
31.500 11.8x106 
£1,000 13.5x106 
12.100 13.7x106 
54.100 15.0x106 





MICROSTRUCTURES AND THERMAL PPOPERTIES OF IyPE 5—MOLYBDENUM ALLOy CAsT IRON 





SS Coefhicient of Lowe! Expansion 
ion sraphite Expansion Critical in 3 In 
sq \-ASTM Mat rks per °] I in 


Ferrite 

Pearlite 

Pearlit« 

Ferrit« 

Pearlite 

Ferrite 

Pearlite ! Futectiform ferrite 0.0145 
Ferrite 

Pearlit« J Eutectiform ferrite 

Ferrite—5 

Pearlite 

Ferrite 

Pearlite 

Ferrite—20°, 

Pearlite—90% 

Ferrite—10°, 

Pearlite—98' 6.35x10— 0.0112 
Ferrite—2°, 
Pearlite—100% 
Pearlite—98% 
Ferrite—2°, 
Pearlite—97% Steadite in cell form 
Ferrite—3°, 
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unsatis 
ol 


the 
amounts 


the unalloyed cast iron because of 


factory microstructures containing large 


on 


eutectiform ferrite and Type D graphite. 


Type 5 Molybdenum Alloy Cast Iron 

Ihe type 5 alloy contains approximately 0.20 pei 
cent molybdenum. 
the pearlitic character of the matrix structure but did 
harden the material and produce a somewhat higher 
elastic modulus than was obtained from the unalloyed 
materials. ‘Tables 5-A, B and C give the chemical 
composition, mechanical properties and microstruc 
tures for this type of iron in two different carbon 
silicon bases. 

Microstructures. [he molybdenum tends to harden 


The 


graphite type, distribution, and matrix structure a¢ 


the matrix and stabilize the pearlitic phase. 


cording to cross-section is shown in Tables 5-D and 5-E. 
This material was very sensitive in that pearlite 

without the occurrence ol primary or secondary ferrite 

occurred only in cross-section D of Heat No. 278. See 

Fig. 19. and 20. 

Observations 


:. Both 
that this material does not show the resistance to weal 


microstructures and wear tests indicate 
of a good grade of pearlitic unalloyed iron. 

2. Hardness, tensile strength and elastic modulus 
were higher in this material than in the unalloyed 
iron. Tensile strength and elastic modulus are com 
pared in Tables 5-F for the two metals. 

3. Shock resistance and rupture work factor were 
approximately the same in this material as in an un 


alloyed material. 


Type 6 Chromium Nickel Molybdenum Alloy 
(Heat Treated) 

This material was developed originally to meet th 
requirements of aircraft piston rings. In a 1-in. cross 
section casting, a tensile strength minimum of 68,000 
psi was maintained on tensile test specimens from 
each heat of this material. Chemical properties, phys 
ical properties as heat treated, and microstructures 


are shown in Tables 6-A, 6-B and 6-C. See Fig. 21. 22, 





[his was not sufficient to change 


ILABORATORY EVALUATION OF AUTOMOTIVE ( 
Microstructures. Microstructural studies 
material in both and 
treated conditions. Because of the large a: 


graphite present, the matrices of the larg: 


on tne the as-cast 


contain considerable ferrite in the as-cast ¢ 
Heat treatment redissolved carbon from thy 
and from the graphite, and the material qu 
produce a martensitic structure with a sma! 
of Drawing at 900 } 
converts the retained austenite to an aciculay 
breaks with the 
spheroidal material. Any degree of hard: 
Rockwell “C” 60 Rockwell “C” 15 
duced in this material by varying the dray 
tures from 750 F to 1250 F. 


retained austenite. 


which down martensite to 4 


to may be 


Foundry Practice 


For sections less than 14 in. square, special 
charges are ordinarily made. ‘These are 20 
cent steel, 25 per cent pig iron and 50 to 55 pe 
return type 6 scrap. Alloy additions are mad 
ladle to produce the required analysis. Inoculatio: 
made by the addition of 12 to 16 oz per 100 
nickel—70 per cent silicon—30 per cent alloy wit 
small addition of 85 per cent ferrosilicon. The ii 
lation should be such that the chill is just remoy 
from the section being cast. This means that a s1 
inoculation added the heavy 
greater inoculation to the smaller sections and insur 
production of the tightest structure without massiv 
carbides. has not 


in sections above 34 in. square. 


is to sections and 


Inoculation been found 


Heat Treatment 


Objectives of heat treatment are as follows 
1. To produce a uniform matrix free of f 
2. To eliminate or reduce the size of any mass 
particles. 

3. ‘To control hardness. 

t. ‘To increase physical properties such as t 
strength, vield strength, and ultimate str 


necessan 














93, 24 and 25. ratio. 
PaBLE 5-D—DustrRiBuTION OF GRAPHITE IN VARIOUS [TABLE 5-E—DISTRIBUTION OF MATRIX CONSTITUEN 
SECTIONS OF Type 5—MOLYBDENUM ALLOy CAsT IRON VARIOUS SECTIONS OF IL yYPE 5—MOLYBDENUM 
ALLoy Cast IRON 
Heat Flak Whorl [vpe D 
: Gr = Graphite ( ie Heat Primary Ferrite Pearlite Pearlit 
‘ sTapil _ rte wt se ; 
' No. Pearlite Only Secondary Fer 
286 4 B.C. D,E, I EI I 286 LBC DEI 
287 A,B,C, D,I - E,} 987 \ B.C D FI 
Taste 5-F—CoMPARISON OF TENSILE STRENGTH AND ELastic Moputus IN Type 5—MOLYBDENUM ALL 
Cast IRON AND Type 1 UNALLOYED CAstT IRON 
Tensile Strength Elastic Modulus 
Heat Cross Section A B é D 
No in. sq Type 5 Material Type 1 Material Type 5 Material {ype 1 Materia 
286 3% 47,600 35,000 10.8x106 13.2x 106 
287 WA 41,000 $2,100 13.5x106 8.3x10 


















6-A—CHEMICAL COMPOSITION OF IyPE 6 (HEAT IREATED CHROMIUM-NICKEL-MOLYBDENUM ALLOY 
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section 






in sq 
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.BLE 6-B—MECHANICAL PROPERTIES OF Tyre 6 (HEAT ITREATED)—CHROMIUM-NICKEL-MOLYBDENUM ALLOY 
















































































in 
ad ins Wear Tests, loss, mg 
Cross \verage Impact 
E mass Section l ensile Hardness Elastic Strength Spec Drum Total 
neces in.sq Strength, psi Rb Modulus in.-lb Wear Wear 
\ li 21.000 7I 9.3x 106 
RB ] 21.600 97 9.0x 106 1.2 15.9 529 68.8 
A 10.200 100 10.3x 106 15 16.1 63.0 79] 
1) %5.300 102 10.7x103 20 24.6 15.2 69.6 
| 4 48.700 103 10.2x 10 95 95.5 10.6 66.1 
) | : 57.200 26 11.0x 10¢ 20 ,6.7 14.2 RO)o 
\ 29 S00 25¢ 10.9x 10 .5 15.3 69.1 R44 
B | 299,250 25 ( 10.6x 10 1.2 17.8 59 9 “O00 
( 26 800 93( 10.3x10 15 11.8 104.8 116 
) 5.400 27( 11.6x10 2.0 21.1 44 
A 54,800 27¢ 13.4x19 95 97.9 63.8 q 
70.200 15.0 10° 
1] 500 102 11.0x10 ° 0 14 50.6 64.9 
| 13.400 103 15.5x 10 9 () 2.8 19.4 ( 
+7 400 104 14.5x10 5.0 19.8 6] Q 
19 900 106 15.6x 10 4 27.9 6° gg ] 
62 800 26 15.6x 10° 0 27.6 74.9 1O% 
68 400 15.8x 108 
l 8.200 102 11.6x10 15 97.4 55.6 R4 ( 
B | 10.600 104 12. 1x10 18 19 HO 4 R() 
12.700 106 14.1x10 90 94 5 is 799 
D 56.500 106 15.7x108 95 O.5 17.7 785 
I 4 19 300 105 1L5.8x10 95 34 12 768 
I 54.900 16.5 106 ; 
Heat treatment is accomplished in the following !. Quenching is accomplished either by an air 
blast or by oil quenching. Sections 14 in. and 
—— Castings are charged into a controlled atmos under may be air quenched while those above 
phere furnace operating at about 1550 F. lf in. must be oil quenched to produce a uni 
hey are heated from 1550 F to 1750 F in form martensitic matrix. 
iter from 30 min. to | hr. 5. The final step is drawing from 900 to 1150 
Che temperature is maintained in 1750 F for F depending on the desired hardness. 
2 hr. or longer if carbide breakdown is nec- Several precautions are necessary in the heat treat- 






essary. ing of cast iron: 








IO 
on the unalloved cast iron because of the unsatis 
factory microstructures containing large amounts of 


eutectiform ferrite and Type D graphite. 


Type 5 Molybdenum Alloy Cast Iron 
Ihe type 5 alloy contains approximately 0.20 pet 


cent molybdenum. ‘This was not sufficient to change 
the pearlitic character of the matrix structure but did 
harden the material and produce a somewhat highe 
elastic modulus than was obtained from the unalloyed 
lables 5-A, B and C give the chemical 


composition, mechanical properties and microstruc 


materials. 


tures for this type of iron in two different carbon 
silicon bases. 
Microstructures. [he molybdenu 
the matrix and stabilize the pea 
graphite type, distribution, and m: 
cording to cross-section is shown in] 
This 


without the occurrence of primary 0 


material was very sensitive 
occurred only in cross-section D of J 


ot ( 9 
Fig. 19. and 20. 
Observations 


l. Both 
that this material does not show the 


microstructures and wi 
of a good grade of pearlitic unalloye 

2. Hardness, tensile strength ane 
were higher in this material than 
iron. Tensile strength and elastic 3 
pared in Tables 5-F for the two met 

3. Shock resistance and rupture 
approximately the same in this mat 


alloyed material. 


Type 6 Chromium Nickel Molyb 

(Heat Treated) 
[his material was developed orig 
requirements of aircraft piston rings 
section casting, a tensile strength m 
tensile test 


psi was maintained on 


each heat of this material. Chemical] 


ical properties as heat treated, ane 
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Microstructures. Microstructural studies 
both the 
Because of the 


on the material in as-cast and 


treated conditions. large al 
graphite present, the matrices of the larg: 
contain considerable ferrite in the as-cast « 
Heat treatment redissolved carbon from th 
and from the graphite, and the material q 
produce a martensitic structure with a sma 
Drawing at 900 | 
converts the retained austenite to an acicula) 
breaks with the 
spheroidal material. Any degree of hard: 
Rockwell “C” 60 ta _Rackwell “C’" 14 


of retained austenite. 


which down martensite 


west 


SS ito 


h. 
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are shown in Tables 6-A, 6-B and 6-C. See Fig. 21. 22, strength, vield strength, and ultimate strengt 
23, 24 and 25 ratio. 
TABLE 5-D—DISTRIBUTION OF GRAPHITE IN VARIOUS TABLE 5-E—DISTRIBUTION OF MATRIX CONSTITUEN 
SECTIONS OF Tyre 5—MOLYBDENUM ALLOy CAST IRON VARIOUS SECTIONS OF TYPE 5—MOLYBDENUM 
ALLoy Cast IRON 
Heat Flake Whorl ype D H p ; P > 
No Graphite Graphit« Graphit« eat rimary Ferrite eariite Pe : 
No. -. Pearlite Only Second I 
286 ALB Cc DE. 1 E, I I 286 A, B, ( D,E,} 
287 \, B,C, D,1 EI 287 \, B, ¢ D EI 
Taste 5-F—COoMPARISON OF TENSILE STRENGTH AND ELAstic Moputus IN TypPpE 5—MOLYBDENUM ALL‘ 
Cast IRON AND TYPE UNALLOYED CAsT IRON 
Tensile Strength Elastic Modulus 
Heat Cross Section \ Cc 
No in. sq [ype 5 Material Type 1 Material Type 5 Material {ype | Mater 
286 3% 47,600 35,000 10.8x106 13.2x106 
287 4 41,000 32,100 13.5x106 8 Uf 











6-A—CHEMICAL CoMPposITION OF LyPE 6 (HEAT 


| REATED) —CHROMIUM-NICKEL-MOLYBDENUM ALLOY 








(ross 
Section 
\ in sq 1 GA CA Si Ss 
| 8.55 2 68 0.87 
] 5.65 2.75 0.90 
5.64 2 OF 0.74 t OF 0.067 
7( 99 0.77 
67 9 9° 0.72 
62 23a 0.70 
l 14 241 05 
} 2 85 0.69 
,O0 x 0.75 » Ro 0 O68 
$_ fro ( - i : 
wv ha I i ».0. ~.5U O35 





TLY 





Mn \! \l N Ouenc! 
0.61 0.2 0.92 } Oo) 
0.60 0. 0.4 xs Oj; 
O60 024 1) US Us a); 

0.61 0.25 0.44 \ir 
U.O2 O24 uy { ) Aur 
hho O4 ) a) ) \ir 
O55 oY 124 ; >) 

0.52 0.22 le | ’ 0) 

0.52 U.2 120 l 0 

0.49 ot Lit 1.1 \ 

0.449 oO. 1.18 Air 
0.48 0.2 1.14 \u 
0.57 oO.S] 1 | Oh 
0.56 O51 1.3 { Ol 
0.58 0.50 1.24 Oi 

0 oy 1.28 An 
O58 OSU 1.18 ~') An 
0.58 O51 120 1.30 \ir 
0.60 0.98 1.41 Ou O) 
0.58 0.28 1.44 1.10 Oil 
0.59 0.28 1.37 1.20 Oj} 
0.56 0.25 1.54 1.1] \u 
0.57 0.27 1.30 1.14 An 
0.55 0.27 I 1.12 \ir 





p)—CHROMIUM-NICKEL-MOLYBDENUM ALLOY 





Wear Tests, loss, mg 





npact 
ength Spec Drum Total 
n.-lb Wear Wear 
1.0 13.9 57.9 71.8 
12 15.9 52.9 68.8 
15 16.1 63.0 79.1 
20 "24.6 5.2 69.6 
2.5 25.5 10.6 66.1 
20 36.7 14.2 80.9 
8 15 69.1 844 
12 17.8 2 2 0.0 
] 11.8 104.8 116 
2.0 21.1 44 
2 2 4) hy ~ ; 
) 7 707200 IC T5OxTO" 0 4.1 3 5 
- strengt ' - 
346 4 £1 50M 102 11.0x 10 20 14 50 64.9 
B 13.400 103 15.3x10 20 o%).8 104 ve 
( 17.400 104 14.5x 10° 0 198 61 Q] 
1D 19. 900 106 15.6x 10 27.9 6 RO | 
62 800 PO 15.6x 10 0 97.6 74.9 10° 
bie 68 400 IRC L5.8x10 
8.200 102 11.6x10 | 97 4 6 R41 
B 10,600 104 12 x10 18 19 604 a0) 
‘ é' 12.700 106 14.1x10 20 94.9 ig 99 
| D 56.500 106 15.7x 10° 2 0 i 78.2 
I f 19.300 105 15.8x10 2 ! 12 6.8 
FI I . 54.900 » 106 16.5x10¢ a 
Heat treatment is accomplished in the following t. Quenching is accomplished either by an ait 
blast or by oil quenching. Sections 14 in, and 
Castings are charged into a controlled atmos under may be air quenched while those above 
phere furnace operating at about 1550 F. 4 in. must be oil quenched to produce a uni 
Chey are heated from 1550 F to 1750 F in form martensitic matrix. 
iter from 30 min. to | hr. 5. The final step is drawing from 900 to 1150 


Che temperature is maintained in 1750 F for 
2 hr. or longer if carbide breakdown is nec- 
essary. 





F depending on the desired hardness. 


Several precautions are necessary in the heat treat- 


ing of cast iron: 
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Paste 6-C—MICROSTRUCTURES AND THERMAL PROPERTIES OF Type 6—CHROMIUM-NICKEL-MOLYBDEN! 
Phermal Anal) 
Cross Oe Coefficient of Critical 
Heat Section Graphite Heat Expansion Heating 
No in. sq AFA-ASTM Matrix Remarks Treatment in. per °F F 
343A 114 2-3-A Ferrite—75°% Secondary ferrite 
Pearlite—25° 
B l 3-A Ferrite—50°, Secondary ferrite 
Pearlite—50‘ 
( YA 3-4 A Ferrite—10* Secondary ferrite 
Pearlite—90° As Cast 
D 4-5-A Ferrite—5% Secondary ferrite 
Acicular—90° 
Pearlite—5°, 
} 4 5-6-AB Acicular—100° 
I 6-AB \cicular—100° 
S454 ]! 2-3-—A Drawn 
Martensite—100° 
B I I-A Drawn 1550°-1750° F. in 
Martensite—100° 30 min 
( A s-4-A Drawn 1750° ¥ 
Martensite—100° 2 hr., 6.26x 106 1420 
D t—-5-A Drawn Quench 
Martensite—100° Draw at 
i ( —i- AB Drawn 1070° F 
Martensite—100° 
F 6-AB Drawn 
Martensite—100* 
Pearlite—50°% Secondary ferrite 
HOLA 114 I-A Ferrite—50' 
B l 3—5-A Ferrite—30°%, Secondary ferrite 
Pearlite—70% 
( 4 4-A Ferrite—5°% Secondary ferrite As 
Acicular—80°, Secondary ferrite ast 
Pearlite—15°% Secondary ferrite 
D V4 5—-H-A Acicular—100°, 
I 4 5-H-A Acicular—100°, 
I A 7-8-ABD Acicular—100° 
464A 1! 2-3-A Ferrite—20' Secondary ferrite 
Pearlite—80‘ 
B l 1-5-A Pearlite—40°, 
Acicular—60' 
( 15-A Pearlite—5' \s-Cast 
Acicular—95*‘ 
D »—-O-A Acicular—100‘ 
I 7-AB Acicular—100‘ 
I 7-8-AB Acicular—100 
MOA | 2~3-A 1550° I 
3 | 1-5-A 1750° in 
( 1—5-A Drawn 0 min 6.35x 10-6 1420 
I 6—A Martensite—100 1750° F, 2 hn 
| f 5-7-AB Quench 
I 7-8-AB Draw at 1070° I 
1A l 2-3-A Ferrite—10' 
Pearlite—90* Considerable 
B l 1—\ Pearlite—40' carbide 
Acicular—60' in 
( +5-A Pearlite—5' small ° 
A\cicular—95‘ islands \s-Cast 
1) 6-\ Acicular—1l00® Cellular 
phosphide 
I A 7-ABD Acicular—100° 
I 8-ABD Acicular—100' 
MOA l 2-3-A Carbide islands 6.18x10-6 1410 
B l {-\ Carbide islands 
( 1—5-A Carbide islands 1550° I 
D 5-6-A Drawn Martensite 1750° in 30 min., 
I , 5-7-ABD 1750° F,2 hr 
F A 8-ABD Quench, Draw 


at 1070° F 
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Type 6, chromium-nic kel-molybdenum allloy iron, Heat No. 343, heat treated. Mag. 100X, 
picral etch. 
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Fig. 23—Type 6, nickel-chromium-moly bdenum alloy iron, Heat No. 401, heat treated. Mag. 100X, 
picral etch. 


A—11% In. B—1 In. C—%, In. 


D—14 In. E—s% In F—14 In 


Fig. 24—Type 6, nickel-chromium-molybdenum alloy iron, Heat No. 345, as cast. Mag. 100X, 
pic ral etch. 
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Type 6, nickel-chromium-molybdenum alloy iron, Heat No. 346, heat treated. Mag. 100X, 
picral etch. 














laste 6-D—COMPARISON OF TENSILE STRENGTH AND 
ALLoy AND Type 1—UNALLOYED CAsT IRON 





lensile Strength, psi Specimen Wear, loss, mg 
Cross 
Section, Type 6 Type | Iype 6 Type ] 
in sq \ B Cc D 





70,200 37,200 2.8 
62,800 $5,000 53.8 
56,500 $2,100 15.6 pr rsa erg Pg 

. a specimen at 
40,600 33,200 ‘ 41.8 { } Heated to 1750° F 4. 20 mins 
| Hold 2 hours, oil quench 
Draw at 1070°, hold one 
Hour, air cool. 














|) lo prevent surtace decarburization, a gas at 
mosphere must be used which would be carburizing 
to steel. “Neutral” atmospheres do not protect cast 
rons 


?) Cast iron graphitizes and the carbides tend to 


migrate to the austenite grain boundaries when cool 
mg takes place at certain critical rates within the 
austenitic temperature range. It is important that no 
Kelay take place in the transfer of the castings from 


th 


i¢ lurnace to the quench. 

Dilatometric studies of the heat treatment are shown 
in Fig. 26. These give the following information: 

|. The austenitizing temperature of the material 
(heating rate 700 F per min.) is 1490 F. 

Little permanent expansion takes place during 
the heating and cooling periods. 

Martensite formation takes place during the 
quench at below 450 F. 


; ; 
| i : ; 

1000 FAHRENHEIT 1500 

637.6 CENTIGRADE 6816.6 
25H THERMOCOUPLES 





See awos CESSES SESS Ceaeeeene 
; 








EXPANSION = 


Heat treatment dilatometer curve for 
Type 6 alloy. 
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\ 
1. Most of the permanent expansion (growth) microstructures. The change in microstruc = 
of the material takes place during the quench duced by variation of the cross section an 7 
and is due to the replacement of the densé effected the mechanical properties of the e1 
austenitic structure by martensite. Some of these effects are noted as follows: 
5. Further expansion takes place between 109 F 1. Tensile strength increases with the 1 
and 900 F during the draw. This is caused by of the matrix and graphite structur: luc 
breakdown of the retained austenite in the by decrease in cross section. Low tensil: enet 
quenched structure. may accompany very fine graphite wher, it js 
6. Coalescence of carbides and the destruction of the interdendritic form (AFA Type D 
martensite at between 900 and 1000 F causes Z Hardness increases with decreasing cross sectio, 
a slight contraction. 3. Elastic modulus increases somewhat in | 
" , : a smaller cross sections with the refinement of ¢} 
7. Contraction during cooling from 1070 F is ' 5 
; graphite and matrix structures. Very low elas; 
proportional to the decrease in temperature : , Ris! 
? , nga moduli occur in materials containing large quar 
and shows a coefficient of contraction of 6.02 ties ca 
x 10-6 F tities of primary ferrite. Materials containip 
p , iad ,; AFA Type D graphite generally show a hig! 
8. ermane expansion during he: eatment a . 
I ment expansion during heat treat haatie tamales 
as 0.57 pe ‘nt. — . 
— / per com 4. Wear is influenced by microstructure and ind; 
Ordinarily heat treatment draw temperatures are rectly by casting cross section. 
adjusted to produce a Rockwell “C” hardness of ap- a. High rates of wear were observed in sp. 
proximately 33. However, in this case a standard mens containing the degenerate eutect a 
treatment was given causing a considerable variation ferrite. Very small amounts of this str 
in hardness. For this reason the mechanical properties ture influenced wear resistance adverseh 
in the heavy cross-sections are far below that found on b. Secondary ferrite influenced wear resis 
‘ Th: hi; > ar > : 
} materials of higher hardness. ance unfavorably but not to the extent of 
' the degenerate structure. 
Observations aaieas citi a ; 
c. Wear resistance is increased in specimens 
|. The matrix of the heat treated material is uni- showing a coarse graphite structure, whil 
formly a drawn martensite regardless of the it decreased in specimens having a fine 
cross-section of the as-cast matrix condition. graphite structure. CH 
Cherefore, physical properties are largely the re- d. Pearlitic, acicular and drawn martensiti 
sult of structures of the same hardness and having ; ; 
° ° \ 
a. The degree of hardness of the matrix the same graphite flake size and distribu F 
material. tion produced comparable wear resistanc 
eee . ». With a given graphite structure, increasing S 
b. Graphite size, amount and distribution. ; ee ee “2p Ml 
ae ; 94 matrix hardness produced increasing 1 . 
c. Carbide and steadite distribution. ' or 
: sistance to wear. 
d. The analysis balance of the material. 5. The nickel-chromium alloy (Type 2) could b f 
2. The low physical properties of Heat No. 343 cast in a greater range of cross sections with a y 
indicate that excessively high silicon is unde- uniform pearlitic matrix structure than any of ; 
sirable. the other alloys tested. ms 
3. The poor physical properties of Heat No. 345, 6. Impact resistance of the acicular nickel-molyb o 
sizes D, E and F are the result of the un-inocu denum alloy (Type 3) was two to three times 
lated graphite structure and the cellular carbide- greater than that of corresponding pearlitic 
phosphide distribution. materials. 
1] 


~ 


Molybdenum and molybdenum-chromium ad 
tions (alloy Types 4 and 5) decreased the cross 
sectional interval in which uniform pearlitic 
matrices could be produced. These alloys dis- 
played the degenerate  ferrite-interdendritic 


!. Alloying and heat treating of this material in 
large sections does not produce a fine graphite 
structure. 

». Tensile strength and specimen wear for a type 6 


material and type | unalloyed iron are compared : , on 
in Table 6-D graphite structures in the smaller cross sections 


8. An increased tensile strength, hardness, elastic 

Tensile strength on the alloyed and heat treated . a 

' ain a modulus and wear resistance was obtained in the 

material was from 1.22 to 1.82 times that of the un- : tov 

. , heat treated, nickel-molybdenum-chromium ali 

alloyed cast iron, while wear was reduced to between a 2 

ms one é (Type 6). 

47 and 65 per cent that of the unalloyed materials. 
\ combination of coarse graphite and a relatively 
4 Ss « « < a 

* minigame wee Ry cocci DISCUSSION 

vard, uniform matrix was produced in this material, 

Chairman; A. E. Scuun, U. S. Pipe & Foundry Corp.. 
lington, N. J. 

Co-Chairman: F. G. Serine, International Nickel Co.. ! 


giving a good wear resistance. 


Summary New York 
; . : J. S. VaNnick (Written Discussion) :* Foundrymen a el 
Six cast iron alloy types, each in several carbon and more conscious of the influence of cooling rate on their pro 
silicon analyses, were examined for the effect of analy- than any other metal producing group, and the comp che! 


sis and cross section on the mechanical properties and 7} eae ee 





he author presents provides a long lasting resel 
esome information Any discussion must be con 
It is particularly 


ction of only one or two items 


know that an iron testing 20,000 psi in the stand 
ctions, actually possesses 40,000 psi tensile strength 
differences in rates of wear or in 


separately considered by 
f all of them 


for ex 


sectrons The 
streneth might be some 


casting requires consideration « 


willing to make concessions 


ng 
rer May be 
results in strength 

an excellent oppor 
low modulus and 
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to get better 
ed irons of Table I1-B offer 


istrate this principle The 


e soft iron No, 250 is accompanied by an excellen 


all except the important ;-in. section 


well in the thicker sections 
microstructures seem to 


weal but weal 


the thin sections. ‘The 
Unfortunately, 


Ii 
thin specimens of the 


explanation 
their influence 


unmachinable, but 
from the 


eat iswS OUWeTE 


comments 


rate might be predicted 


Ove Ihe generally favorable properties in the 
ustrate the common plight of the foundryman it 


castings 


} 
,-In. section properties in jy-in. section 
lloys, inoculants and heat-treating procedures are 
skilled foundryman and metallurgist to achieve 
e author reports in his conclusions Nos, 5, 6 and 8 
No. 4d provides a splendid test ot an 


conciusion 
Pearlitic, mat 


skill in selecting suitable materials 
icicular structures of the same hardness and graph 
approximately similar wearing rates for 
it takes conclusion No. 6 to em 
these three microstruc 
work at the 


acicula 


mav have 
ear involved, but 
that the toughness of 
different. Incidentally, 
laboratories indicates that the 
many other useful data are re 
American foundryvmen owe 


point 
irkably 
il Nickel Co 
These and 


sor 


pectter 
author Shuck’s work, and 
s company a vote of appreciation for his work 

I should like to congratulate the author 


IAN SCHUH 
Ihe Koppers Co, is to be highly com 


rtensit fine paper 


1 having 
S. Lore 


distribu | a one 


test bars 


release of this information 
I should like to ask the author 
irons. He used in his tests 


r the 
how thin a 
with the alloy 
sistan Piston rings are down to %5 and 


creas 
Cross sections smaller than 4 in. sq. were not 


the alloys evaluated were 
and because the investigation 
However 


sing 
iuse most of unsuitable 


In. cross sections, 
f evaluating the larger sections 


purpose ¢ 
310 and 343 might have been poured in 


ould 
50, 341, 
in. sections 

I want to compliment the author on pre- 

I have two questions to ask of the 

Were the alloys cupola or 

modulus 


H. O. MOrreTt 
in excellent papel 
The first deals with alloys 


ditions? The second question deals with the 


lovs d 
lend 
sections 


elastic 
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ites Cross 


ot elasticity of the 
section of the rings to the Ihe elastic 
modulus, I assume, was measu all different 


heats As a result there 


results based on the 


SCOCTHIS 
1 ly ' 
modulus reter primar 


which the author compares modul 


the torm ot 


is of 


that of an alloyed iron in 
trom less than | to over |! I was wonde1 


method of measuring that characteristic 


obtained 

Mr. SHUCK I he 
somewhat open 
bars often have no practi 


loaded transversely We have 


methods of determining 


in cast iron are to question 
tained on tensile , 
iron member is had litth 
tical success with the apparent modulus values obtained fr 


bars nearly the fu $ 


ge transverse ll casting cross section Thi 


result of the disproportionat 
material L he 


may be the effect of the closer 
structured, more resistant surface small transverse 
bars were thought to overcome this disproportionate surtace 


effect although admitted 1 were not entirels 


results obtained 


ly the 


uniform 
In answer to the question on the 
in the cupola as return 


method of allov addition 


part of the allov was melted allov cast 
iron scrap, part was added as a ladle addition 


| ] SNODGRASS Do you care to comment on the correlation 
of the modulus as with a modulus that you 


would obtain on a regular 


you obtained if 
tensile test bat You used two sizes 


I believe 
Mr. SHucK 


were higher than those obtained on transverse bars 
50 per cent of the 


Ihe modulus values obtained on tensile bars 


Lhe modulus 


was determined at relatively high stress values 


breaking load. This produced a value which was usable 
S | 
i tension equal to 


calculation of piston rings which often show 


in the 


75 per cent ol the breaking load 


]. T. MacKenzit Do you actually mean 
times its fatigue limit? 


that the piston ring 


is working three 
Mr. Suuck: Computation of the surface 


ring 


Stress ol a gray iron 


cvlinde shows 


10,000 psi 


piston closed to nominal diameter in a 
gap in excess of 


the compute d 
\utomo 


stress values at 180 degrees from the 


By loading the same ring to the breaking point 
breaking stress will be between 55,000 and 65,000 psi 


tive cross section) 
high tensions must be obtained, stress 


65.000 to 


In some cases where 
values may be as great as 75,000 psi. In these cases 
ordinary gray iron is not satisfactory 
Dr. MacKenzit That is in compression 


Mr. SHUCK Tension and compression values computed from 


the bending moment 
CHAIRMAN Scuun: I think the 
that it has given us many quantitative relationships over a very 
the sort of information we have all been 
it quantitatively It deserves consid 


though, is it not 


biggest value of this paper is 


wide freezing range 
looking for. Here we 


erable study 


have 








STATISTICAL QUALITY CONTROL 
A NEW TOOL FOR THE FOUNDRYMAN 


H. H. Johnson and G. A. Fisher * 


IBSTRACI 


The application statistical methods to the measurenien 


and control of the quality of castings as they are being produced 


in the foundry is a comparatively recent development and one 
that has been found to be quite useful. The principles under 
lying such methods are outlined and examples are given of 
thew application in evaluating process control in a foundry that 


is producing steel castings 


Background of Quality Control 


APPLICATION OF STATISTICAL METHODS to. the 
measurement and control of quality of the castings 
being produced in the foundry is a comparatively r¢ 
cent development. The mathematical principles on 
which the scheme is based are not new and_ the 
principles of then application were set forth by 
Shewhart! about 1925. However, comparatively littl 
attention was paid to the application of these princi 
ples and to product quality audits until the advent 
ol World War II. 

One of the wartime problems with which the foun 
dries soon began to struggle was that of the produc 
tion of cast armor plate, with its attendant ballistic 
test requirements. It soon became evident that these 
test requirements would exact a large quantity of 
armor plate that was needed for service and that the 
testing itself would require a tremendous amount of 
work. The Ordnance Department thereupon devel 
oped a Quality Control Plan whereby they were as 
sured of the quality of the product and at the samc 
time, the amount of testing required was considerably 
reduced. Following the same principles, a similar plan 
was set up for reduced tensile testing requirements 
for other steel castings (under the provisions of “Steel 
Castings Quality Control Plan,” QCP-3, of the Ord 
nance Department). 

Other industries also began to introduce programs 
for reduced testing, reduced sampling, etc., based on 
the same principles. Courses of instruction were spon 
sored by the government to train representatives of 
industry in the application of these principles. Typi 
cal of the related publications were the “American 


* Respectively, Chief Metallurgist and Quality Control Engi 
neer, National Malleable and Steel Castings Co., Sharon, Pa 


War Standards” series.* Largely out of this interes 


in quality control has grown the new technical socie; 


known as the “American Society for Quality Contro : 
the members of which are, for the most part, engage ™ 
in applying the statistical methods of quality contr . 
to many of the phases of manufacturing processes { ‘ 
a great variety of products. " 
Because this new tool of industry is meeting wit! ' 
such success in so many cases, where it has been a 
plied, it seemed reasonable to attempt to apply it | 
some of the steps in our foundry practice. Accord 
ingly, we started several months ago to see what wi ha 
could develop and this is intended to be a progres J th; 
report in which we set forth some of the principles J ab 
on which such a quality control program can be built & ¢a] 
and outline somewhat the results that we hay abl 
obtained. 
col 
Principles Underlying Quality Control the 
Iwo of the principles which underlie the theo Fig 
of quality control are variation and measurement. tril 
two things are exactly the same and although t tha 
variations may be small they do exist. Further, it 
known that a large number of causes may contribut 
to the variations in quality from one unit of the prod 
uct to another. If the cause contributing to the var 
tion can be identified, it is called an “assignable cause 
and one of the problems in quality control work 1s | 
learn to find the assignable causes so that they can 
eliminated or allowance made for them. 
The statistical measure of the variations in a process 
is frequently set forth in the form of a quality cont 
chart by means of which we are able to predi 
whether the property under consideration will mai! = 
tain a_ predetermined average and will also st 
within certain limits. 
Ihe idea is relatively simple. Fay* has likened 
control chart to a highway (Fig. 1). The highwe 
must be maintained at a certain width to accomm 
date the necessities of the vehicles using it. In 0 an 
case, the width of the chart is determined by rm 
process itself. As long as the driver drives his car dow! . ; 
the exact center of the highway he is in periect ©! ot 


trol. Since this is usually impossible to do, he ma 
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yurse on either side of the central line but ol results trom the average, is expressed as the stand 
s he remains on the highway his car is “in ard deviation (and denoted by the Greek letter sigma, 
und his driving is probably safe. Should a a). It is equal to about 1, of the range, as shown in 
the car get off the pavement and on the Fig. 2. It will be further noted that if a distance equal 
which would put him outside of a con- to So is measured off on the X-axis on both sides of 
then action should be taken in order to the arithmetic mean, 99.7 per cent of the values will 






be included within the limits indicated 





In shop application, the quality control chart rr 











Dit Y Yip “a DANGER — Upper Spec Limit places the trequency distribution curve because it is 
‘ CAUTION tie ‘ eeer Gael Un somewhat simple to construct and interpret and also 

ee ee ee a —e because it is a more effective guide for controlling 

the process. It may be thought of as another form 

Poveme . SAFETY Averege Line _ of the probability curve, in which (for our purposes 






the observations are regrouped in lots of four su 






CESSIVE observations Fig ) I he lots ot fow observa 








CAUTION Lower Contro! Limit 


DANGER Lower Spec Limit 






{in analogy of a quality control chart. ———— — — —_—— ee 

















into control or the result may be dis 


back 
is. Should the car get entirely out of hand, it 



















will go in the ditch which in our case means that 





ndividual parts will go out of specification limits 








nd therefore be reyected. The “width of the shoulder” 






n our analogy, is the margin between what our process 






s required to produce. mee mee eee eee 








The Control Chart 













Ihe control chart is thus a picture of what has 
















happened in the process but it has the added function 






=) 


that it gives us immediate warning when something , 
' 5 § 5 Fig. Relationship between probability curve and 





about the conditions of the process has changed errati- 






quality control chart 





cally. (Shewhart* calls this the presence of an assign 






ible cause of error.) 

The mathematical basis for the construction of the 
control chart lies in the relationships derived from 
the probability or frequency distribution curve. In 





tions were chosen because it is a generally accepted 






fact that it is more satisfactory to look for causes ol 






error in groups rather than in single determinations 
. 


Fig. 2 we show a curve typical of the expected dis 





The 3e limits are computed and plotted to indicate 






tribution of a series of measurements if the process 
the upper and lower control limits for the process, 






iat is being measured is in control. The majority 





for the conditions under which it is operating. 
One other factor which must not be overlooked is 







the scatter or range of the observations, for each group 






of four observations, that are plotted on the chart, 






the spread of values between the greatest and the least 






is noted and plotted as shown in Fig. 3. For each lot 





of ten (10) groups, the So limits are computed to 






determine the control limits for this st p in the evalua 






— Oo -— tion of the process. 
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Calculation of Control Limits 
































—_—= 30 a The calculation of control limits is accomplished 
| -— 68.3 %— | by the application of some relatively simple formulae, 

95.4% although the theory behind them is not too elementary. 

- 99.7% _— Reference to the American War Standard 71.3—1942 


provides the following formulae: 





Fig. 2—Normal distribution curve. 





For our calculations, individual values are con 





sidered in groups of four and at least ten such groups 






vi the measurements will fall near the centerline or (or 40 observations) are considered as a unit for cal 
‘he desired value, while the number varying from the culating control limits. 
enterline will fade out toward the high and low Usually the groups are considered in multiples of 






in [he amount of variation, or the dispersion ten groups for such calculations up to 50 groups. As 
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additional multiples of ten are added, previous groups value for each heat is indicated as a_ point 
of ten are dropped, chart. Values for four consecutive heats ar 
on the same vertical line to form a group. |] 
X \verage value for cach group of tour Nartnee® og 
age for each group is indicated with a circl 

observations. 
R Range of values in each group ot 


four and is the difference between 


circles are connected with the solid line so 
fluctuation of the average values may be mo . 
followed. The difference between the ereat 


the smallest and the largest. 
the smallest value for each group is plotted 4s 


Xx Grand average ol the averages. range value for the group and these values 
R \ connected to show the fluctuation more readi| 
verage range. Sie a 
- 5 5 For calculating the control limits it is nec 
) . ; 
X + A, R Upper Control Limit (U.C.L.) ton calculate the grand average (X) of the average yaly 
the average values. ; 
5 (X) and to also calculate the average (R) of the rang 
X \ R Lower Control Limit (L.C.L.) and, values (R) for lots of ten groups. Then, applying «J 
for the conditions of grouping indi formula X + .729 R, we find the values for the Upp, 
cated, Control Limit and the Lower Control Limit fo) 
ens 
\. Jed percent of carbon and manganese that the process 
; a ce mae i 
D, R Upper Control Limit for the range producing. Similarly 2.282 R gives the U.C.L. for 
values, and for the same grouping range values. 
9 929 
D, 9.282 
— Control of Process 
D. R Lower Control Limit for the range 
values and for our case, since Having calculated and plotted these limits the stat 
D 0, the LAL. 0. of control of the process is readily determined. In tJ 
f , Other sizes of groups (such as 5 values) may be used present example, it 1s noted that, fon the conditions 
. . ° : : ~ ITOCE oper. v ( 0 
just as satisfactorily, with values of A,, D,, and D, con under megs the process is operating, it is In conti 
responding to the size of group chosen. so far as carbon and manganese fluctuations are coi 
cerned except for the manganese range of the thi 





‘ aR Ch teenth group. No average value is out of its contr 
i ver an ange arts ‘aay 
Construction of Average 9g limit on the percentage chart, no other range valu 


\s an example of the Control Chart technique let is out of its control limit, and the average values ai 


us examine some typical production charts.  Fo1 evenly distributed about their central line. 


example, let us consider a chart which shows the If we wish to also determine whether or not indi 


vidual values are in control, we may plot the 
limits for the individual values, which will be twi 
as wide as the limits plotted for the average values 


carbon and manganese control for Grade “B”’ steel 
made in 35-ton basic open hearth furnaces at the 
authors’ plant (Fig. 4). The carbon and manganese 


What Charts Reveal 


It should be noted again that such charts as this 
do not tell us whether the process is operating al 
level and with sufficient control to give us results that 
are satistactory for our purposes, nor do they tell 
what is wrong with our process. he charts do tell us 
whether our process is doing what it is capable o 
doing under the operating conditions that are impose 
upon it, that is whether or not the measured variables 
are “in control.” They are a picture of what 
process is producing and of what the expected variatio! 
might be. When an important variation occurs it cal 
then be readily spotted and steps taken to correct tl 
conditions which produced it. In fact, in many cases 
such a variation can be anticipated from a study 0! 
the charts and corrective steps taken. 

As an example, let us consider the control of FeO 
in our basic open hearth slag. For our measure, \ 
determine the FeO in the slag taken at the time 0 
blocking the heat. In Fig. 5 we show the accumulated 
results from 120 heats. Here, as in the previous chart 
individual determinations are plotted as points, the 





average of each group of four points is shown as 4 
circle, and the range is shown which measures th 
Fig. 4—Carbon and manganese control chart for Grade spread between values in each group. The contro 


“B” 35-ton O.H. furnace heats. limits for the average values are indicated, these |imits 
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Lhe values ol p for each vroup 


% perhaps using heats or shifts as the unit of grouping 


under consideration 







(tin@ry tuo 
are plotted and the average determined tor each lot 
; bp A ta pa beg, ¥ ot 25 values (in our practice [his average line (p 
te FT A ES SOC TE OS — 2 - ‘ prs ‘ ag 
A. a Ao — . a 2 + ¥ , as: a | | 
ett Bi : ' ' i is drawn on the p-chart, usually as a red ling 1 he 







limits of chance variability (the control limits) ar 
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the 
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= Ba i given by formula p 
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represents the number of determinations in the sample 


















, ’ |“ y . (295 in our Case If the calculated Lower Control 
5 10 re 5 20 , 18 | 39 Limit is a negative value, it is taken as zero, since it Is 
- sbiect (ata. A > i mrt lie Date j<. *t0 im possible to have less than zero per cent detective 
: ae ae - + Ear (EAR ok a a Sis, a Ga he Upper Control Limit is drawn in as a broken ling 
Rem of rdlitesetiad. (nb, | 
, wolipraluad ¥ uumge foomtr out | Such a chart is illustrated in Fig. 6, in which ts 
be tewt, an tuo arin 


plotted the percentage of a certain type of castings 





that wer scrapped because ol entrapped dirt, as re 





( ntrol chart fo? keO nl hast open hearth 






lated to time (which is measured in this case by suc 





slag. 





cessive heat numbers). The average for each lot of 











25 consecutive heats is shown by the central line (p 





and the U.C.L. is calculated from this value and drawn 






computed for each successive lot of ten groups. 
in as shown. From these two lines one can observe 





average value of FeO for the first ten groups 





the spread or range over which the process is working 





uit 10 per cent and the average range of FeO 





and also the trend or shilt in level from time to tim 
per cent and all points are well within the 
While 






such a chart does nothing more than give us 





ol limits. However, there is a trend toward an 






a picture of what is being produced by the process 





ncreasing FeO content, starting with about the fourth 






as It Is now Operating, It gives Us this picture lal 





Up this trend continues through the fifteenth 
> ind this , t 5 better than if one relies on his memory or on a mere 


oup. In each of the fourteenth and fifteenth groups 






examination ol the figures on the record sheet 





ive an abnormally high value which increases 






Furthermore, the central line and the upper control 





inge values so greatly that the process is almost 





limit provide a simple and reliable way of knowing 





control in the fourteenth group and is entirely 
ra g ] when and if action should be taken. Hl a plotting 





ut Oo i tee 9 ip. When we plo 
{ control in the fifteenth Groul eR WE POX falls outside the control limits for no apparent reason, 





control limits for individual points we see that 
it is desirable to look for an assignable cause and 






hese two points are also outside of these limits. 






possibly eliminate it. If the plottings indicate the 






Obviously something has been happening in the prac 
5 PI 5 I process is in control but at an unsatislactory level, 





tice that has been causing a steady increase in the FeO 





it IS probably desirable to focus attention on the 





mtent and finally the process has gotten entirely 
r 






process with the expectation of making a fundamental 





t of centrol. \ppare ntly corrective steps were taken 





change. 
iuse the range values assume that the same level _~ 





other consideration that has to do with the 





om the sixteenth group on as they had for the first 





level at which the process is operating is to decide 





groups. However the values of the FeO content 





whether or not the process 1s operating at the lowest 






issume a level of about 11 per cent instead of drop 
level that is economically feasible (where we are con 






ping back to 10 per cent, and from the sixteenth 






sidering detectives as the variable). If the process ts 


operating at this desirable level, the function of the 






eroup on they seem to fluctuate somewhat regularly 






ibout that average line. 






chart is to indicate the variations from this level. If 






[his regular fluctuation about the average is of 






the process is not operating at the desired level, the 






mportance because a-lack of control is also indicated 
eel 






e values for ten consecutive averages are all on one 







e of the average line, although they may be within 








: , +35; 
control limits. In other words, something has a 
ippened to the process so that it is not functioning i 
: ‘ S86 }+— + _ J b i 
wctly as it had been and therefore this is indicated eS: eS ] 


control chart. 












Construction of Fraction Defective Charts 
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ra 






cond type of chart which has a useful applica 
n our problem of quality control in the foundry 
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<5 ape 3 ; PST Ere rod sory sicts had Tees eae Te ae Sea 
Fraction Defective Chart, often referred to as ve 4 Hier 4: : ae Fi Tri ti: ; 35 
chart. It finds its principal use in the display coat “Sobiect Findinal bspokes A DLLA. ahngs Date fam |" “to per 












7 Reger : minty fay sn gok Meat oy i Bo i 
nount of defective material as related to som« a orgy pew oe, Te 2 en 









ie 








proportion defective, P, is the ratio of the num Fig. 6 Example of a p-chart showing percentage 





defective units to the total number of units castings scrapped due to entrapped dirt 
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chart serves as an indicator of what is actually hap 


pening and as a yardstick for measuring progress 


towards the goal. 


Scatter Diagrams 


\ third type of Quality Control Chart—and the type 


that is probably the most familiar to us—is the scatter 
chart. This is the tvpe of chart 


diagram or scatter 


that is used when we wish to determine the correla 


tion between two variables that are related as cause 


and eflect For example, in Fig. 7 are plotted data 
representing the percentage of SiO, in acid electric 
furnace slags, against the viscosity or length of run 
ol the corresponding slags as measured in the viscosi 


meter. It is evident from an inspection of the scatter 
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Fig. 7—Example of a scatter diagram. 


diagram that there is a relationship between the two 
variables because, in general, the shorter the length 
of run of the slag the larger the amount of SiO 
present. \ negative correlation is said to exist because 
as the slag length increases, the SiO, content decreases. 
If the relationship is such that an increasing cause 
vields an increasing effect, the correlation is said to 
be positive. 

Because of the scatter of values of SiO, for each slag 
viscosity, it would be difficult to draw by inspection, 
the line that would best represent the data. ‘The equa 
tion for this line can be calculated however, and this 
is known as the Estimating Equation or the Regression 
Equation (a brief summary for the method ol calcula 
tion of which is given in the Appendix). Such an 
equation enables one, then, to estimate the value ol 
one series for a given value of the other series. 

For systems where the relation is not that of a 
straight line but of a curved line, a more complex 
relationship exists which can be reduced to an equa 
tion by means of a curvilinear correlation. And if we 
have one dependent variable and two or more ind 
pendent variables, multiple correlation is applied. 

The scatter of data around the regression line is 


measured as the coeflicient of correlation and is a 


This factor is a 


factor which eX presses this scatter. 


STATISTICAI Or ALITY ( 


numerical one and ts independent ot the uw 
original data. If r (the coethcient of correla 

1, the 
be perfect with both of them increasing. [I 


correlation between the two varia 


the correlation will be perfect with both of 
creasing. If 0, the scatter will be a rand 
Che method is outlined in the appendix for 


ine the coethcient of correlation and for def 


whether or not it is significant.) 
it should be noted that the measure of cor 
merely indicates that the relationship may exist. | 
classical example is that there was a high cd 
POsitive correlation over a period ot years b 
teachers’ income and the amount of money spent fo 
liquor. The conclusion that could be drawn was ¢! 
the increase in liquoi sales was caused by the increas 
in the income of teachers when the underlying ya) 
ation really was national income, fluctuations in whi 
caused variation in both liquor sales and _ teacl 


income, 


Application of Quality Control to 
Foundry Practices 


In the application ot the principles ol Quality Co 
trol to the foundry 
that the technique of a skilled melter, molder, or co 


processes it must be recognized 
maker cannot be recorded on a control chart and an 
attempt to do so usually arouses opposition. What cai 
be done, however, is to control the quality of the ra 
materials and the properties of the sand mixes 
measure the process operation, and to provide bot! 
workman and management with a factual measure ol 
performance by studying the quality of the castings 
produced and the detailed causes of rejection. 

‘The control charts in the authors’ plant have, ther 
fore, been set up on three general bases: 

(1) Control of Materials 
ment ol Quality Control Charts for the physica 


properties of the several grades of sand used 


such as the establis! 


(2) Control of Processes to include such items as 
(a) Charts showing carbon and manganese con 

trol for each of the several grades of steel for eacl 

of the several units of furnaces; 
(b) Charts that such 


amount of lime and spar additions in the basic 


measure variables as 
electric furnace and the corresponding sulphur 
and phosphorus reduction that mav have beer 
effected: 


Cc) Charts to show powel consumption lol 


tl 


several electric furnace units: 


(d) Charts to show other items of chemical co 
trol: 
(e) Charts to relate slag viscosity from the ek 


with recovery 0! 


tric furnace units manganese 


variables, such perforn 


with othe as operatol 


ance. 


(3) Measure of Process results—to include suc! 


items as: 


; , r 
a) Charts recording physical properties ot | 


steel being produced: 
(b) Charts recording defectives, as relat 
possible variables. 
In addition, when we desire to compare | 
formance of two units or two sets of units, the Quali 
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Fig. 10—Control chart for moisture content in back 


ing sands. 


Control Chart gives us a picture of the relative per 
formance (as measured by a given property). Alterna 
tively, scatter charts may be constructed, the equation 
of the most probable curve calculated, and then tested 
by calculating the coefhcient of correlation and _ its 
significance. In this way a statistical measure of the 


performance with which we are concerned is secured 


Type of Charts 


For our purposes, the charts are in the form of 
long horizontal wall charts, which we keep posted on 
our “Quality Control Board.” When we first started, 
our Quality Control work, we tried to plot the data 
on long vertical wall charts, where all the data for 
one heat would be shown on the same vertical line. 
However, it is the authors’ opinion that the number 
of independent variables is too large for any but the 
most obvious inter-relationships to be detected in this 
Way 

[he main purpose of the control chart is to provide 
a measure of the variability of the several steps in the 
process and it has been found that in many cases the 
chart is a quite sensitive indicator of process control. 


Control Chart for Raw Materials 


lo illustrate these principles, some charts covering 


specifi applications are presented, 
In Fig. 8, 9, and 10, are presented typical charts 
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Pio MOISTURE 


such as are found useful in the sand control. | 


example, the physical properties of the heap or back 


ing) sand over a considerable period of tim¢ 


plotted. Each dot represents the value obtained 
averaging the individual values for the 20 or 25 n 
of sand made during an 8-hour shift. It will be not 
that the permeability of the sand is the property t! 
has shown considerable change. This is becaus 
finer grade of sand was introduced into our syst 
about the time represented by the 25th group ai 
still another grade of sand about the time represent 
The range or spread of t 


by the sixtieth group. 
permeability values varies as shown, indicating tl 


the degree of control was at one level for the fist 


1 
) 


twenty groups, then was poorer during the time rep! 


sented by the twentieth to the thirtieth groups, and 


finally it returned to about the original level or degr 


of control for the rest of the time under consideratio! 


\pparently the range or the degree of control 1s | 
correlated with the changes in the kind of sand u 


However the level of the permeability values certain! 


changes significantly with the introduction of ea 
type of sand. 

Ihe moisture values were held at a constant 
and show a uniform range during the period un 


The level of the green bond va 


Pl 


consideration. 
was twice adjusted, as noted on the chart. O 


} ’ 
i¢ 


the results were quite uniform. 

From the foundry viewpoint, it seems of 
that there is little correlation between casting cel 
that might be attributed to variations in san 
ties, and the permeability of the backing sa! 
would suggest that perhaps the permeability 


1KP{ 
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itrol factor. In the interest of brevity the 


esenting this correlation are not presented. 


Control Charts for Processes 


d for chemical control of the composition 
tal is well recognized by most foundries and 


d manganese determinations are considered 


purposes, we established Quality Control 


carbon and for manganese for each grade 


it we were producing. An example of such 


shown in Fig. 11. On this chart we had 


= 


woth carbon and manganese values for ow 


Ouality control chart room at authors’ plant. 


kxampble of quality control chart with pro 


rected limits. 


Control Subject hi ij B° 


Remorks: 


Grade “B” 
for heats made from March 15 to September 30, 194 


steel, produced by the acid electri process 
Some 434 groups of four observations have been accu 
been calculated to in 
taking 50 


mulated. Control limits have 


clude each successive lot of ten 


groups 
groups at a time and dropping a lot of ten groups 


each time a new lot ol ten 1S added Because both 
the level of values and the range have been so uniform 
over such a long period we are justified in projecting 
these limits indefinitely and in trying to determine 
the cause when any tuture determinations fall outside 
of their established limits (that is, until a set of condi 
process that will establish 


tions are imposed om the 


another universe in which the system is operating 
\n example of this type of chart with the projected 
limits is shown in Fig. 12 

Similar charts may be found usetul for such vari 
ables as the control of alloy content where a specifica 


tion must be met. In such cases one may wish, tor 
the sake of economy, to stay on the low side of the 
range and the control chart will enable the melter to 
which to aim so as to 


determine the safe value at 


both stay inside the prescribed range and yet not uss 
any more alloying material than is necessary. In othe 
words, a control chart acts as a guide so that the 
melter can establish a closer range than that given in 
the specifications if he wishes to etlect economy in th 
use of alloys at the expense of more rigorous opera 
tional control. 

Another type of control chart that may be found 


useful from the managerial viewpoint may be the 


furnace 


broken 


power consumption ol 


powel consumption chart for the electric 


Here, 


down so that we com pare the 


operation again, such charts can be 


several first he Ipers, both as to the level at which they 
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operat and as to the Huctuation in then Operation ultimate strength, elongation’ aud reductio 
over a period ol time \s an example we present, 1 for each production unit and type of st 
big 13. the perlormance ol three Operators, working ideq uate measure ol what that process IS 
on the same battery of Lurnaces over a 6-week interval and also act as an indicator of what it may 
Operators “A” and “C” are apparently operating to produce 
about the same tor their average power consumption \s an exampk consider the chart show: 
is almost identical as to their range of values. How in which we are measuring the ultimate st 
evel (" is a little more erratic than \"’ for he has Grad B”’ steel produced by the acid electri 
two average points out of the control limits. Operatot compared with that produced under similai 
B” evidently uses more power and also has a som by the basic electric process It will be 


what vreatel spread of values than the other two opera 








tors and this confirms our opinion of his work ood , 
Such comparisons ot other characteristics may also sae : i 
be readily made between the operation of batteries st =I f= Be eT P 
ot turnaces or for Comparison ol the perlormance Ol ace im vee 5 ehehamnae ti 
such units as acid and basic-lined turnaces in the same ‘7 NAST NA eet 
7 = a oe aa tH 
battery i ' ’ = om | 
h cl lil 3s 
rom such charts management can readily measure 
o ¢ MELTER A MELTER 8 MELTER ¢ 
certain characteristics of the performance of indi z Sh apicgis Se 
a + 
viduals and, on that basis, take any necessary steps nae 
tho AH A 
to improve such performance. Changes in the proc i 7X A tag Se f 
esses can also be evaluated on a fairly sound basis a ee eee r: | - 
+ f. VY v2 \ 
rather than by estimating what has happe ned by look a ¥ 5 \F ae 
ing at a sheet of figures oa eS 
Gontrot Sublect hanes Contunplre 4 Anat tatmes 9) te Bote asus 


if hea inci: Maltin BAe melbing oe Sy a i th sane lads. of all) 
} Control Charts for Measurement of Process Results 
Fig. 13—Control chart showing power cons 


Process results may also be evaluated in a manne} 
: . . : of hattery of furnaces under three operat 


exactly similar to that described. 


Ihe tensile test results are the commonly accepted 


measure of the quality of the steel being produced Fig. 14—Control chart showing comparise 
by a given process. Therefore quality control charts mate strength of Grade “B” steel produce 
for each of the measured properties (yield strength, electric and basic-electric furnaces 
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strength ol the steel produced by both 


actically the same, but that the spread 
little greater tor the test results ol the 
material On two occasions, the test 
basic furnace material went out of con 


rth and ninth groups) while only one 


sults from the acid turnace material (the 
is out of control 


ynnection, such a means of recording test 


used a basis for permitting reduction 
from a requirement of one test for each 
one test tor every third heat, as long as 
Such 


med the basis tor the reduced testing pel 


ditions of control are maintained. 
the quality control plans in operation du 
iu and since that time. The control charts 
e fluctuations in the process of manutacture 
( words 


one such plan, “As long as the 


s measured are fluctuations that can be as 


chance causes, the customer will satisfied 


cribet 
on) test ss of the product and will have increased 
confi that all of the product is reasonably uni 
When fluctuations 1n successive test results are too 
breat to dismiss as chance variations, we will have 
Jost our assurance that the product is reasonably uni 
form and we will want to increase the amount of test 
ing that is done We will now assume that some 
undesirable cause of variation that can be identified 
oved, has crept into the production process 
i increased testing wil continue until successive 
test results once more indicate that the process is 
unde! control.” 
Such a procedure in no way minimizes the main 


nance of a high standard of quality. On the con 


ary, a high standard must be maintained for the 


ystem to stay in control and thus benefit by the 
reduced testing that is permitted but when such a 
undard is maintained the benefits of decreased test 
cost, flow of production, and related items are 


mnsiderable 
\ chart showing the yield strength and the elonga 

160 tensile tests of steel made to meet 
ederal Specifications OOS-68 1 


i. 15. On this chart we 


ion tor some 
C2 is presented in 
would call attention to 
elongation values in group 144, where one valu 
Although the 


viewpoint that good ductility is 


s an unusually high one. value is 


xcellent irom the 


sirabl it still throws the system out of control, 
nging the average for the group outside the Uppe: 
mtrol Limit and also bringing the range for this 
froup outside its Upper Control Limit. 

[he elongation values for groups 145 to 152 are 
iso out of control because the Lower Control Limit 


iverage values falls below the minimum value 


bt the specification. This is true spite of the fact 


iverage values are within contro! limits, but 
] 


id of values is great enough that there is a 


bOSsi ty that some values will not meet the mini 
D cihications. 

N ous other details could be recited pertinent 
lo ilculation of control limits and to the steps 


whether or not the 


to determine 


pLCCS in ordei 


Inv 1S possible Dut space pre hibits 

CNallipl S Tas LM i\ l too sto 
appl ition ot quality CONUTrOL Lo process ce 
issilicatio 0 Clelocurve 


the concern is with the cl 


castings 


In one case we are concerned 


kind and the 


| 
producing a certain type of casting over a consider 


let us consider the 


with determining the 


amount of scrap that is encountered in 


able period ot time For example 


production ot a tairly large number ot a certain type 


of journal box. In this particulat case we had not 


previously made this type of journal box, so that we 


were concerned with determining quickly and accu 


rately the amount and type of scrap castings that were 


being produced and with measuring the eflect ol 


the pattern in the molding practice, ct 


changes 
on the scrap produced 
arding the 


In order to secure the correct data rev 


furnished 


scrap being produced, the inspectors were 


data sheets (such as is shown in Fig. 16) on which 
thev easily recorded the details concerning the detec 
tive castings as the castings were inspected. These data 
were then tabulated and plotted in the form of a histo 
eram, as shown in Fig. 17. The important types of 
detects were plotted in different colors on the original 


chart so that, at a glance, one could determine the 























kind and the relative amount of the prevailing de 
fects. Whenever a change was made on the pattern 
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or in the foundry practice, such a change was noted 
on the chart, as shown, and its effect could then b« 
readily evaluated. Records kept in this way were 
found to require a little more work but to be much 
more informative to those in charge of the work than 
the defect report, which simply gave the number ol 


| NATIONAL MALLEABLE AND STEEL CASTINGS COMPANY 

QUALITY CONTROL - INSPECTION REPORT 
PATT. NO. __ = aig es 
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| INSPECTOR TURN 





Inepector will record locetion number in 
proper defect coluen for each casting to 
be selveged or rejected Serep colean to 
be weed only by chief inepector 
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Fig. 16—Example of inspectors report or data sheet. 
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Fig. 17—Histogram for journal box defects. 


castings scrapped because of the several types ol de- 
fects. No recognition is taken of the statistical measure 
ment of average values, control limits, etc., in this type 
of chart. 

The other example of the use of control charts to 
measure the kind and amount of defective castings 
being produced concerns itself with the amount and 
occurrence of a particular defect in a production cast- 
ing. Suppose, that we are concerned with the occu 
rence of porosity of the pin hole type in a product 
such as couplers. Here we have a casting that is 
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being continuously produced but which 
to the ocasional occurrence of pin hole 








has been found worthwhile to run a p-ch 





is shown in Fig. 18 to record the occurre: 





detects. The numbers of the heats from 







castings are produced are given in the mid 
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Fig. 18—A p-chart showing occurrence of 
to pinhole porosity. 
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left hand side are plotted the per cent ol 
m each heat that are scrapped because ot 
rosity. Ihe average percentage tor each 
uur heats is plotted on the right-hand side 
t. Average values and control limits are 
ind plotted tor each group of ten values 
h a chart we note the frequency of occu 
the distribution by heats of the defect and 
te the expected occurrence of it for the con- 


- —— iis : 
‘Cups {4) tions ler which we are operating. Again, it should 


| 4 3 e sai it maybe this level of occurrence is not as 
apt Mow as ild be desired but that the Quality Control 
—— vart do nothing more than draw a picture ol 
Stach st Me hat ippening. It cannot correct the conditions 


that exist but it can point to these conditions. 


\rmstrong,® in an article in Jndustrial Quality Con 


magazine, presents a p-chart in which the vari 
able is the amount of rejected side-frame castings pro 
=f juced i certain steel foundry. The chart is repro 
luced Fig. 19 and illustrates how the level of 
+i Rejections has changed as well as the level of expected 
eCT1O Whenever the rejections are at a level that 
_ ———— 


+ _ +— ~ a + ----- —~—- 


+-—+ doe ee 


geait a <j —y ta oe aeenen Rss ee 
a : \ 4 VAAL a ae ae 


== is - RRM eel a bins. Oo ie 
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nS Seaeasss 3 oon os “ 
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sitetetesiers-tot 1 p-chart showing occurrence of rejections of 
> i 


side-frame castings. 


alls outside of the control limits, it will be recognized 













hat unusual conditions have been present. Other- 
ise the chart shows the level at which the process 
s operating and how this changes from month to 
fmponth. It also shows very distinctly when a change 
ae n operating conditions has effected a change in the 
Sjmmuality level of the product. 

\ttention is directed to the paper published by the 
lectrochemical Society: ‘““Acid Electric Steel for Cast 
ngs” by S. F. Carter and C. K. Donoho. The paper 
as preprinted for the general meeting of the Society, 
peid April 9-12, 1947, and includes an excellent appli- 
ection of statistical analysis to determine whether or 
ot the observed differences were significant. 


Summary 


It has been the purpose of the paper to set forth 
: me of the fundamental concepts of Statistical Qual- 
== Control with special reference to their application 
+ the operation of a steel foundry. By means of this 
@P°l, process measurements become more than a tabu 
ation of figures but they become a picture of the 
rocess and an indicator of expected future perform- 
nce. Ihe control charts do not tell what changes 
ould be made to provide the desired quality levels 
(they do give immediate warning when something 
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about the conditions of the process has changed 
erratically. 

In order to be eflective such charts must be main 
tained up to date and action taken when a warning 
indication is given that some erratic change is taking 
place in the system. Otherwise the eflort required to 
maintain such charts is wasted 

One other application that has been indicated 1s 
the use of such mathematical tools to measure the 
significance of differences between two processes, for 
example, without resorting to the more conventional 
idea that “we will take the average and let it go at 
that.” 

Such charts further serve to give management an 
accurate and clear cut picture of the performance of 
the process under consideration. 
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APPENDIX 
Method for Calculating the Estimating 


Equation or the Regression Equation 


Che Estimating Equation is an algebraic expression 
of the relationship between two variables, the general 
form of which is ¥ a + bX, where Y is the de 
pendent variable, and X the independent variable. 
The equation represents the straight line which best 
fits the data. The values for the coethcients are deter 
mined by the method of least squares 

Let us assume that we have n pairs of observations 
of X and Y. By tabulating these and performing the 
necessary addition and multiplication, values for SX, 
SY, ¥X2, and SXY can be readily obtained. (S is 
the symbol for the process of summation.) ‘The values 
of the coefficients a and b can then be determined by 
the two normal equations: 

SX*xY — SX=X¥ 
n=X* (=X) 
n=XY ZXSY 
n=X? (=X)? 


Knowing the coefficients, the equation of the line 


solvil 


1g 


b 


is readily written. 

If, on the other ‘hand, X is the dependent variable 
and Y the independent variable, the normal equations 
become 





> ws aoe 


from which the equation of the line is readily deter- 
mined. 











ANG 
Method for Calculating the Coefficient 
of Correlation 
[he Coethcient of Correlation, r, is the measure ol 


the scatter of results about the line of regression 
It expresses the amount oi variation in the depend 


ent variable tor which the has 


failed 
Lhe values of the coefficient are expressed in numeri 


reeression equation 


to account. 
cal terms which are independent of the units of the 
original data 

IT he 


from 


ol correlation number varying 
|, through zero, to —1. The sign indicates the 


When the 


1. When no correlation exists, 1 0 


coethcient isa 


slop of the regression line. correlation is 
perfect, 1 
One of the most frequently applied formulae for 


calculating Yr is 


S(X X) (Y Y) 
: 
V S(X Xy s(Y Y)? 
sy 
When X and Y = 
n n 


lo determine whether or not the coefficient of cor- 


relation is of real significance, the formula 
| i 
is used to calculate the 
Oo \ - 
n 9 standard deviation. 


If the value of r is within the 3e, limits the corre 


lation is undoubtedly real. 
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DISCUSSION 


Chairman: J]. F. RAnpDALL, Ford Motor Co., Detroit 

Co-Chairman: D. C. Zurer, Sivyer Steel Casting Co., Mil 
waukee 

R. G. Srorms (Written Discussion):* Messrs. Johnson and 
Fisher are to be commended for their presentation of the 


fundamental concepts of quality control as related to steel 


which has been written in 


foundry This is a paper 


operation 
a comprehensive manner for the man on the job and, as such, 


value 
Hamilton, Ontario, have 
the last few vears in an effort to bring the 


is of great 
We at 


and histograms ton 


been using control charts 


many variables in the foundry under some semblance of con- 
trol. In some instances we have had very satisfactory results 
however, in others we have found that the simple control 
chart is inadequate to obtain the significance of the many 


variable factors involved in producing steel castings. With this 
latter in mind T am not inclined to agree with Messrs. John- 


son and Fisher in their tentative assumpt on “That permea- 
not a critical control factor” i 


bility of the backing sand is 


the quality of castings as concluded from a simple correlation 


between casting defects and permeability 


Hamilton, Ontario, Canada 


Ltd 


oundries and Steel 
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STATISTICAL Ou ay 

| writer feels sure that the two variables, py 
sieve nalysis, must be studied in correlat 

ther since a sand with a uniform grain 
S permeability as a sand with large ' 
smaller grains and the two sands may have w 
eflects o1 he quality of the finished casting 

[he writer brings this matte up for he judg 
starting a system of statistical control of qualit 
that many varving factors must be reviewed 
tlects ot process conditions on the qualit of 
castings, and that the obvious answer in a study 
louded by the action of allied variables 

Min. JOHNSON We appreciate the comments 
Storms We know what he is talking about whe 
you cannot always make statistical control as 
would like to. His point is well taken, that 
where many variables are present you have to p 
which seem significant and see if anv correlatio; 
R. C. Wayni What is the basis for selection of 


when you plot a number ot groups ot points tor th 
I noticed that Mr. Johnson used four in one illust 
four rather than three, or f 
that 
We 


Che idea is that if you use several points 


would you use two 


would you arrive at selected figure? 


Mr. 


used four. 


JOHNSON used four because Arn 


of error due to variability is less than if you just 


two or a small number. Many people use five poi: 


that was the number used by 
to the 


control 


used four because 
If you 
}-sigma 
Standards Tables 
I believe to observations in 
pened that four the 
thought they 


the 
Ame 
three 


tables which give 
the 


us¢ 


nance reter 


limits, such as 


that 


computing 
they 
the sample. It 
that the 
they 


you will find 


up 25 
numbe1 
knew what 


was 


used and we were talk 


W. K. Bock There are cases, for example, in 


the Ar 


Ordnan 





redauct 


of area, where the distribution is not this normal distri! 


that Mr. Johnson showed for the individual tonna 


ever, this system works on a normal distribution 
of groups comes out to be a normal distribution. 1] 


he 
he 


nandi 


for using four, it is just a convenient number to | 
mathematically. I think that may be the origin of it 
There are people who have charts where their data cor 
them in such form that they cannot conveniently 


group of four, in which case they set up charts for a 
prominet 


The 
is the 


three or five or whatever is convenient 


four comes down to the fact that four 


to use, but you can use any other grouping you wal 


CHAIRMAN ZuEGE: How much time is involved in keepir 
a system of this kind? 

Mr. JOHNSON At our plant we have one man wil 
perhaps 75 per cent of his time to this work, His 


not spent entirely in plotting the points on the chart 


his time is spent in doing something about it 
melting superintendent or the sand technician 01 


should be contacted. He does quite a bit of work i 


this data. We feel that we save money by having 
carrying out this work. Other folks may not want 
quite that much time on it. The amount of effort 
pends on how much value you place on it. 

CHAIRMAN ZurcE: How much additional time ts 
keeping up the graphs? 

Mr. Jounson: That is this one man’s job. He 
graphs up. He does the whole thing. 

J. A. Rassenross:* In the paper, one graph sh¢ 
lation between the control of permeability and casti 
Have the authors tried to evaluate the effect of 
other than the permeability of the sand? 

Mr. JoHNsoN: We showed the green bond, t! 
bilitv, and the moisture content for those parti 


The moisture content was kept practically const 
controlled the changes in green bond. The only u! 


variable therefore was the permeability and this cl 
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the cl 
iin those limits 
atisfactorils 
itishied that it was 
plotting past history 
are plott ng 


the chart up and , 
Chere 
B” steel 


x } l correlations 
vou would hav 


ts 


lationshiy le streneth 
that 1s, 


vould you notr 


: j " 
particular cast we é 1 certail 
this background of | ‘ as deviation fron 
limits. As long as the new points 


hose ‘ atisfi at \ are ing , : 
: ae we are satisfied that we are do since we applied that method, we 
Now, if the process is changing, then we will 


tenden for tlake o iluminum 


our average reduction of area about 


t until we get a group of tour determinations 


per cent 
7 , s S } y mpl ) 
before we can determine whether or not the Mr. JOrNsoNn That is a most interestir application 


control limits we are glad to know about it 
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TESTING REFRACTORIES FOR THE FOUNDRY 


By 


S. M. Swain* 


ABSTRACT 


The careful planning, selection of objectives, justification of 
safety factors for a testing program discussed. 
recommendations are made for sampling brick and 


costs and are 
Detailed 
other refractory materials. Critical discussions and brief descrip 
tons of testing are giver for refractoriness, reheat change, 
strength, load bearing ability, spalling, porosity, water absorp 
tion, specific gravity, bulk density, ¢ hemical analysis, size, thermal 
conductivity and slagging for 


bonding strength and consistency of mortars; for refrac- 


of fire brick; refractoriness, screen 


analysis, 


toriness, spalling, workability index and firing shrinkage of 


reheat and refractoriness of 


plastic refractories; and strength 

castable refractories Three general types of testing programs 
are discussed and recommendations are made for small and 
large foundries 


|. Introduction 


[HE PROPERTIES OF REFRACTORIES and the meth 
ods of testing them follow similar properties and 
methods for bonded foundry sands. In both types of 
products there is a softening range involved rather 
than a sharp melting point. Near the upper tempet 
ature limit of use of these materials, changes occur at 
an increasingly rapid rate. It is unusually difhcult to 
characteristic of these materials at high 


isolate one 


temperatures and then to measure it alone with accu- 
racy. 
expensive, time consuming and difficult to conduct 


High temperature testing of these materials is 


ll. General Conditions of Testing 


(ny testing program should be well thought out 
The work should begin with the 
most simple tests. Definite arrangements should be 
made for accumulating data and for filing it in a 
readily usable form. By this process a record is built 
up on the uniformity of products used and a better 
understanding of the problems involved is acquired. 
Ihe information is then a foundation for 
slowly expanding both the extent of the testing and 


before it is started. 


sound 


the application of the results. 

The collection of test data by itself is a misleading 
and wasteful procedure. Each testing program should 
definite for correlating the 


contain arrangements 


* Director of Research, North American Refractories Co., 
Cleveland. 


properties of refractories with service results obtai) 

with service conditions to be met. One set oj 
will last indefinitely. Modern 
means continual changes in furnace conditions s 


and 


studies not 


progress 
that it is necessary to make definite arrangements {fo 
reexamination of all of the work involved at 
regular intervals, to be sure that changes ar 
passed by in the rush of conducting the tests. 
Considerable thought should be given to the phys 
cal arrangement of the entire program not only 
reduce the expense of the work but to insure that a 
of the data will be recorded, filed and used. Arrang 
ments should be made for the easy but accurate sele 
tion of the samples. ‘The testing equipment should be 
located as conveniently as possible so that samples do 
not have to be transported long distances and possibl 
be contaminated or lost on the way. It is very in 
portant to set up printed forms with proper spaces 
so that it is easy to record the data required. If poss 
ble, space should be provided for the calculations s 
that the original data, calculations and references ar 
on one sheet. It is very convenient to have the sheets 
in such form that they can be filed in a loose leaf book 
in proper chronological order. Full attention to d 
tails of this sort will pay big dividends in the com 
pleteness and availability of the information obtained 
Throughout the program, safety should always b 
kept in mind. Careful consideration should be given 
as each program is planned, to avoid accidents due to 
improper application of materials. This work should 
definitely be conservative in this respect. Any new 
materials should be tried out in locations of modet 
conditions only until they have beet 
these locations before being 


ately severe 
proven satisfactory in 


tried out under conditions of more severe weal 


lll. Sampling 


The most important part of any testing procedur 
is the selection of a true sample. If a compromis 
must be made, a skilled technician should do th 
actual selection of the sample and any economizing 
be done on personnel to run the tests. Errors in the 
test procedure are easier to locate and cor than 
are errors in the sampling process. 
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IN 





method of sampling clays and similar gran- 





rials is given in the FoUNpRY SAND TESTING 





K.! Section 2. 

mpling of fire brick involves similar basic 
but different details and technique. With 
11 methods of loading brick into a railroad 







to a pile in storage one good method is to 





rinary lines from diagonally opposite corners 
» of the pile and then take sufficient samples 






intervals along these lines as shown in Fig. 





in the number required. An extra numbe1 
iken and the total reduced to the desired 
yy quartering. The A.S.T.M. Specifications 

C106* and C153° provide for the selection 
ples for each lot of 50,000 brick or less. This 
mple is sufficient for most testing programs 













































Fig. 1—Method of sampling brick in a pile. 


~ 







in the case of high temperature mortars, prepared 






ramming mixes, plastic refractories and similar mate 
nals shipped in packages, the provisions of A.S.T.M. 
specification C178® may be used. These provide for 


rr 


he selection at random of one container in any lot 










1 100 or less, two containers from lots of 100 to 300, 
three containers from lots of 300 to 600 and four con- 
tainers trom lots of 600 to 1,000. 

The selection of the sample for any given test from 










nese larger samples involves the use of judgment. 

in the case of granular materials and fire clay the 
carefully and then be 
by passing through a sample splitter or by 






should be mixed 


saMpPles 





led 


ivided 





ring to secure the necessary, representative 
Special attention must be given to the fine 
s since errors in dividing this part of the sam 
€ are difficult to avoid. 





port < 






lr case of fire brick, samples for each individual 
uuld be selected to represent the range in ap- 
In other 





covered by the original sample. 
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words, the five samples that might be selected for 
determination of water absorption should contain one 
of the darkest colored brick, one of the lightest col 
ored brick and the remainder should be representative 
of the balance of the sample. This method of selec 
tion is used because of the relatively small number of 
samples that can be tested economically and makes 
use of the obvious differences among the samples. It 
a larger number of samples can be tested, then the 
selection of the number for any individual determina 
tion can be made on the basis of chance 

In the case of plastic materiais packed in containers, 
a representative sample should be taken by selecting 
small quantities from several locations in each of the 
containers involved to be representative of the entire 
lot. his quantity should be mixed together and then 
reduced by quartering to select the amounts necessary 


for conducting the various tests. 


1V. Test Procedures for Fire Brick 


In the development of standard test procedures lor 
C-8 of the American Society 
for Testing Materials has been the outstanding leade 


refractories Committee 


Che Committee is so organized as to insure adequat 
and critical review by both users and producers of all 
of the matters adopted. The interest and support of 
the American Refractories Institute in this project has 
permitted development work to be carried out to sup 
ply data for committee consideration. The standard 
specifications and test methods, together with indus 
trial surveys on requirements or refractories, have 
been gathered together in one volume known as the 
Manual of A.S.T.M. Standards on Refractory Mate 
rials? which is similar to the FouNpry SAND TeEs1 
H ANDBOOK.® 

A general description of these and other tests will 
be given and an interpretation of the test results will 
be made, but full details will be omitted since they 


are so readily available. 


Refractoriness 


Refractoriness is the one fundamental property re 
quired of materials to be used in furnace structures 
Many refractories are used in outer walls right up to 
the limit in this respect, with the knowledge that the 
cooler portions of the walls will carry the super- 
imposed load. Softening is encountered in service not 
only because of excessive temperatures on the hot 
face but also because conditions of use are changed so 
that the refractories are heated on more than one side 
or that they are backed up with too much insulation, 

In most cases softening will show up as vitrification 
of the outer zones of the refractory or the displace- 
ment of joints in one portion of a wall. In piers 
softening can be distinguished only by comparison of 
measurements in thickness of the brick before and 
after use with due allowance made for normal varia- 
tion in size of the original brick. It is necessary, in 
analyzing possibilities of shrinkage, to give proper 
allowance for the absorption of fluxes which will 
change the refractoriness of the original product. 
necessarily detri 


Softening of refractories is not 


mental to service. Ladle brick prevent penetration of 
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metal into joints by sottening enough to be com 
pressed tightly into the joints. Certain brands of high 
heat duty brick give as good service as super duty 


brick under severe spalling conditions because the 
soften and bloat on the hot face to form a 
that 


due to sudden heating and cooling. 


forme) 


resilient layer is effective in absorbing strains 
Soltening is sometimes erroneously reported to be 


present when shrinkage occurs. Under many condi 
tions shrinkage may be due to absorption of fluxes o1 
to insufhcient firing of the refractory. Both shrinkag« 
and soltening may cause opening up of joints. Ot 
course, there is a possibility that what appears to be 
shrinkage is actually slagging of joints by fluxes. 
The standard test for refractoriness is the determi 
nation of the pyrometric cone equivalent (P.C.F.). 
This test® determines the softening characteristics in 
with standard cones, details of the test 
being covered by. A.S.T.M. Procedure C24.'° The test 
is cheap and quick to run and therefore is used widely. 
It divides refractories into groups for classification 


but at times has limitations in bringing out small 


compal Ison 


differences. 

In conducting the test the sample is ground and 
standard dimensions. Afte1 
materials may be 


molded into a cone of 
drying, a number of 
mounted in a plaque with the standard pyrometric 


The plaque is heated at a 


unknown 


cones as shown in Fie. 2. 


~ 








Method of mounting test cones and 


Fig. 2 
appearance afte) partial heat treatment. 











specified rate and a record made of the deformation 
of the unknown cones in relationship to the standards 
and are reported in that manner. For example, a 
material may be reported as having a pyrometric cone 
equivalent of 31, meaning that the material deformed 
at the same time as standard cone 31. If the unknown 
material deformed between two cones the higher and 
lower cones are reported in a hyphenated manner as, 


for example, P.C.E. 31 32. It should be noted that 
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there is a long temperature interval bet 




































}) 


2 and 3: 
this range a cone is made with the designa 


3, and, since many high grade « 


[his is a definite cone in the series and is « 


as such. Intermediate values are report 


hyphenated manner as, for example, 32—32 
The load test had advantage in measur 
toriness, particularly of siliceous « lay brick, si 
and basic brick as described later. It is limi 
application to clay brick of average com posit 
the degree of burn of such brick has an j 
influence on the deformation under load. Details 
A.S.1T.M. Standard M 


the test are covered by 


C16." 


Permanent Linear Change after Reheating 


The reheating of retractories was used origi; 


to detect underburning. Some refractories may }y 
checked for this characteristic in the reheat test, This 
is particularly true in the case of super duty brick, 
It should be pointed out, however, that a large pe 
centage of satisfactory refractories show expansior 


instead of shrinkage in the laboratory test. This 


known as secondary expansion and is practically wit 
out meaning from a service angle. 

Details of the testing procedure for standard brick 
are given in A.S.T.M. Method C113.!2. Three 9-i: 
straight brick are measured for length to the nearest 
0.02 in. and are reheated in a kiln, on edge. Loy 
heat duty brick are heated to 2190 F (1200 C), inte 
mediate heat duty brick to 2460 F (1350 C) and higt 
heat duty brick to 2550 F (1400 C). 
three hours and 


These tempera 
tures are reached in held for fi 
hours after which the kiln is allowed to cool. Supe 
duty brick are heated to 2910 F (1600 C) in five hours 
and held for five hours. The cool specimens are agai! 
leneth and the individual 
changes in length are calculated on the basis of the 


measured for per cent 


original data and then averaged. 

Insulating fire brick are tested for permanent linea! 
change in the same manner. The temperatures of 
(28 C) below the 
1550 F (845 C) for grout 
Method 


reheat are set at 50 F maximul 
temperature for service, e.g. 
16 brick. The details are covered in A.S.U.M 


C210.18 


Strength 


The strength of refractory products is determined 
at room temperature and is used as a measure ol othe! 
characteristics as well as that of ability to withstand 
strains. Hunt Bradlev'* have shown that th 
strength of refractory products increases with temper 


and 


ture up to 1500 F or higher, so that the values 0d 


najor 


tained at room temperature may be used for a1! 
portion of the wall structure. 
In recent years the modulus of rupture ¢ 


tion has gained favor over the use of cold crushing 
strengths. It is felt that failures which take plac 

refractories due to low strength are usually a 10s 
breaking phenomonon rather than actual ishing 
It should be noted, also, that the modulus of rupt" 
determination falls to a low value with even mine 


defects in the physical structure of the pl 





GA fo-~s 
ever 
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sitive indicator of physical detects. in addi 
esistance ol refractories to abrasion tollows 
ely the value for modulus of rupture. Man 
s of refractories consider the modulus of rup 
a reasonably accurate measure of the prope! 
refractories and of the ability to withstand 
indling in shipment. 
id crushing strength is an equally reliable 
what different measure of strength of refrac 
in the modulus of rupture. The relationship 
the two values varies with the process of man 
and other characteristics of the brick so that 
no reliable way of estimating one value from 
r. The cold crushing strength is used also 
dication of the proper burning of refractories. 
s of determining both modulus of rupture 
d crushing strength are covered by A.S.T.M. 
C133.1° For cold crushing strength, 9-in. 
brick o1 pieces of that size cut from special 
or tile are used in the test. (It should be noted 
ecimens cut from larger tile frequently do not 
he same strength as 9-in. straight brick molded 
of the same mix and burn.) The specimens 
iced on end in the testing machine after prepa- 
of the load bearing surfaces and the pressure 
d until crushing occurs. The crushing strength 
square inch is then calculated on the basis of the 
inal cross section. For determination of the 
odulus of rupture, the specimens are placed flat on 
knife edges spaced exactly 7 in. Pressure 
s applied at the center of the upper face through a 


apart. 


nd higl 


. similar knife edge and the load applied until fracture 
empera . 4 
The modulus of rupture is calculated accord 
ol 
3W1 
Supt ng to the formula R — 
e hours °bd? 


In testing insulating fire brick, special modifications 
must be made as covered by A.S.1T.M. Method C93.'* 
In determining cold crushing strength halt-brick speci 
mens of approximately dl xX 416 In. size are used and 
LO specimens are preferred to secure reliable data 
Dhese specimens are crushed on their 44 x 41-1n face 
and the testing machine applies the load at a slower 
rate. In the case of the modulus of rupture determina 
tions, the procedure ts identical to that for standard 
retractorics except tor the slower rate of load appli 


cation 


lLLoad lest 


Ihe load test is used to measure the ability of 
refractories to carry a load when heated on all sides 
and, in addition, is employed to measure the refrac 
toriness ot some products such as siliceous fireclay 
brick, silica brick and basic brick. It may predict the 
service to be obtained in piers, division walls between 
checker chambers or boilers, and similar applications 
In outer walls the load is carried by the cooler pol 
tion of the wall and so the load test does not predict 
service. 

Details for conducting the load test are given i 
A.S.T.M. Method C16.'* Nine-inch straight brick ar 
measured accurately for length, width and thickness 
and then placed on end in a suitable furnace (see 
Fig. 3). 
or fused alumina brick to give a value of 25 psi. Inte 
mediate heat duty brick are heated to 2370 F (1300 
C), high heat duty brick to 2460 F (1350 C) and 
super duty brick to 2640 F (1450 ¢ 


Pressure is applied through silicon carbide 


in 414 hours and 


3—_ eve ly pe load test furnace 
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these temperatures maintained for 114 hours in addi 
tion. During the progress of the test valuable informa- 
tion may be obtained by making a graph of the 
expansion and deformation of the brick assembly to 
note the temperature at which deformation begius 
and the rate of deformation during the final stages 
of the test. When the brick are cold they are again 
measured for length and the per cent deformation 
calculated on the basis of the original dimension. 
Usually two brick are tested and the average is used 
in the report. 

Under a new schedule silica brick are heated to 
2700 F (1480 C) in 5 hours and then the temperature 
is continued at the rate of 100 F (56 C) per hour 
until failure occurs. Basic and neutral brick are tested 
on a similar schedule reaching 2460 F (1350 C) in 
114, hours and continuing at the rate of 100 F (56 C) 
until failure occurs. ‘These values are measures of 
refractoriness rather than load bearing ability. 


Spalling 


Spalling of refractories is divided into three classes 
according to the mechanism bringing about the loss of 
heavy pieces. These three types are thermal, struc- 
tural and mechanical. A proper analysis of service 
conditions and the selection of the remedy depends 
upon the differentiation between the three types. 

Chermal spalling is due to temperature shock alone. 
The sudden increase in temperature of one surface in 
comparison to the remaining refractory results is 
marked expansion and the strains which are set up 
cause rupture of the outer surface from the body of 
the refractory. ‘Thermal spalling rarely occurs by itself 
but usually supplements the other two types, or a 
combination of them, to cause the loss of pieces. It 
is characterized by a rough fracture usually around 
the grains. (It should be noted that spalling is con- 
sidered to be the loss of pieces 14-in. or more in thick- 
ness and is distinguished thereby from shelling which 
is the loss of thin layers up to 14-in.) 

Structural spalling is brought about by a change 
in structure of the refractory. This change may be 
due to absorption of fluxes, to vitrification, to mineral 
changes or to loss of bonding material by heat. These 
actions either increase the rigidity, reduce the strength 
or cause shrinkage of the hot face of the refractory so 
that strains set up by this action and by thermal 
expansion will cause rupture. This type of spalling 
is characterized by a decided change in structure of 
the hot face. If the change is brought about by ab 
sorption of fluxes or by high temperature vitrification 
the fracture will usually be smooth and pass through 
the grains in this altered zone. However, there are 
cases where the fracture passes around the grains, just 
back of the altered zone, in which case the broken 
surface resembles that of thermal spalling. 

Mechanical spaling is the result of mechanical 
strains. ‘These may be brought about by pinching 
due to the use of insufficient expansion joints, to set 
tling of foundations or other supporting members, or 
to similar mechanical causes. The action is identical 
to crushing at room temperature except that the 
shattering force may be a combination of mechanical 
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pressure on which is superimposed strains 
















thermal expansion. ‘This type of spalling is ¢ 
characterized by a rough, jagged surface ai 
times it is accompanied by the formation of 

or loose erains of brick. 

The A.S.T.M. panel spalling tests are 1 
reliable indications of the behavior of refrac: 
service or any of the known test procedures ll 
involve a combination of reheating the surf 
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Fig. 4—Spalling panel frame and brickwork. 
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panel of brick (see Fig. 4) to secure the change in 
structure that may occur under high temperature 
service followed after cooling by a severe thermal 
shock treatment. (See Fig. 5.) After treatment the 
panel is dismantled, loose pieces are removed and the 
per cent loss in weight is calculated. The test meas 
ures structural and thermal spalling under s high 
temperature conditions. . 

Details of the spalling equipment are given 1 


Method C38!" while the procedures fon high sity, Wate Lbs 


and super duty brick are covered in vity and Bulk Dens 


Methods C1072° and C122?! respectively. 
. 
Porosity and wate absorption eive Valuable intor 


ild be pointed out that the spalling pro 
mation concerning the physical structure ot retracto 
ivolve a considerable amount ofl equipment 
. . ries. However, they have ereatest use when considered 
xpensive test routines. Because of this fact 
‘ in conjunction with other properties. Since porosity 
ng test is used by foundries only to investi 
and water absorption are usually empl lin connes 
Ost pressing problems Ol possibly to secure 
, tion witl 


be used for drawing conclusions ditlerent 


r one tvpe ot retractory at 
check on the character of refractories they 


It is believed that the spalling tests con 
types ol refractories are involved porosity 1s much to 


be preferred This is due to the tact that porosity is 


a volume percentage Ot pore space while water absor] 


the manutacturers of refractories can b¢ 
nasa check of that individual product and 


ve repeated by the foundry as a routine test 
tion is a weight proportion and changes in specify 
ises where tests are needed it would appt al : 
oravity of the refractory alter the later values 


Similar results on porosity determinations ar 


sonably good indications of uniformity of properti 


to have the test conducted by a commercial 
skilled in the work 


se cases where some sort of a check on spalling 


of the refractories involved. Any variation in tormin 
is advisable, substitutes of moderate 


procedure, PTA sizine e ot DUT may sho 
be used These would include the routine 
as variations in thi porosity ol the finished product 
tions of porosity before and after reheat for : 
' ; : In the case of high heat duty brick moderate 
~ brick involved together with those of - 
high POrosity is usually associated with ood Spatiin 


| ] 


of rupture. Constant values for these propel 
, resistance while low porosity is an indication of resist 


d suggest that the spalling values were re 
ince to slag attack. It should be noted, however, that 
constant. Questions should be raised when 
> 11 the case ol supe duty brick thr POTOSITY Oures 
marked change 
should not be used for such an interpretation 
Bulk density and apparent specific gravity figures 


) equipment for panel spalling test. have less significance on service behavior of refracto 
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ries than does porosity. Of course, bulk density figures 
may be used in engineering calculations to denote the 
weight of refractories involved in any installation. In 
the case of silica brick apparent specific gravity data 
give an indication of degree of firing and of the 
thoroughness of conversion to tridymite and christo 
balite. Normal products will fall in the range from 
2.20 tO 2.34. 

The apparent porosity, watel absorption, apparent 
specific gravity and bulk density data are determined 
on burned refractories by filling the pores with boil 
ing water, in accordance with A.S.T.M. Method 
C20.°* Five specimens consisting of approximately a 
quarter of a 9-in. straight each are dried and weighed. 
They are then placed in water and boiled for two 
hours. After cooling, the suspended and _ saturated 
weights are determined. From the three weight figures 
the four values of apparent porosity, water absorption, 
apparent specific gravity and bulk density are calcu 
lated and then the values are averaged for the five 


pier Cs. 


Chemical Analysis 


Ihe chemical analysis of unused retractories is 
useful in dividing them into classes but does not pre- 
dict the service that may be obtained. This is due 
to the fact that refractories are structural materials 
and their physical properties are more important than 
their chemical ones provided they are in the proper 
classification. Exception to this general statement may 
be had in the case of silica brick and basic brick since 
with these products the analysis may indicate types 
of important impurities. 

Chemical analyses of used brick are valuable in 
indicating the relative importance of absorbed fluxes 
and the characteristics of slagging constituents. In this 
case it not only gives the nature of the contaminating 
material but the relative rate and seriousness of this 
contamination. Methods for analyzing refractories are 
found in the A.S.T.M. methods under C18." 


Size and VW ar page 


The sizes of brick, tile and shapes are important In 
permitting their erection with the proper size joints. 
With the development of modern refractory mortars 
this point is not as important as formerly. However, 
the matter should be given proper attention. 

Methods for determining the size of refractory brick 
are covered by A.S.T.M. Procedure C134.24 This 
method covers procedures for 9-in, brick and _ series 
and for tile and large shapes. 

Determination of warpage is usually made only 
when there is an indication of serious defects in a 
shipment. The general condition of freedom from 
warpage is made quite evident by pressing several 
brick or shapes together and noting the relative tight- 
ness of fit. This practical method permits the in- 
spection of large numbers of brick and tile with a 
minimum of effort. If appreciable warpage is indi- 


cated by this inspection the individual pieces may 
be measured in accordance with the A.S.T.M. 


then 


standard method C154.2° Twenty specimens are se- 
lected for measurement and the concave side of each 
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determined. A straight edge is then placed d 
from corner to corner as shown in Fig. 6 


amount of clearance between the edge and 





Fig. 6—Method of measuring warpage 





Fig. 7—Measuring wedge. 








measured at its greatest value with a calibrated wedg 


illustrated in Fig. 7. 


Thermal Conduc tivity 


Ihe thermal conductivity of standard refractories is 
of practical importance only in checking unknow 
materials. “Ihe value does not vary greatly from o1 
brick to another in a given brand or class. In t 
case of insulating fire brick this factor is of great 
importance. Methods for its determination are co\ 
ered by A.S.T.M. Procedures C201, C182 
C202.°8 A sketch of the apparatus is shown in Fig. 5 
In view of the small amount of variation from sam 
to sample and the expense of the determination 
would appear advisable for most foundries to us 
data supplied by the manufacturer or to have the test 
made by a commercial laboratory possessing 


equipment. 


Slag Test 


ius 


There is no suitable slag test for refractories ec: 
of the large number of variables involved. The diffi 
culties are shown by the surveys of proposed | thods 
made by Ferguson,”® Simpson,*° and Hurst and ad 








\merican 


tative estilhate 


Ol Slag 


resistance may be 


values ot wate absorption, the lower the 


the ereal¢ 


class ol 


r wil 


brick 


| be the resistance to attack, 


no accepted abrasion test. I ndet general 
the modulus of rupture 


of brick may be 


timate resistance 1n this respect. 


Test Procedures for Fire Clays and Mortars 


il 


i¢ 


work on 


Foundrymen’s 


the 


Association has done 


testing of fire clays as they 


relate to use with foundry sands Some ot thes pro 


cedures can be used to advantage tor clays used tor 


mortars. Recent work has shown that distinctly dif 


ferent procedures are required to evaluate correctly 


the properties ot high temperature 
The refractoriness of fire clays may be determined 


by the P.C.E. test which has been described already 
The same type of 


mortars 


determination may also be used 
for heat-setting refractory mortars 
In the case of air-setting refractory mortars the 


P.C.E. test is unreliable and a different procedure is 
required involving the 


building and reheating of a 
pier of three brick separated by mortar joints This 


procedure, which is described in detail in A.S.T.M., 


Method C-199, provides for construction of the pier 
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as shown in Fig. 9 with one vertical and two hori- 
zontal joints all 3/32 in. thick and resembling a 
portion of a bonded wall. Each type of mortar is used 


with brick of the corresponding class with which it 





Fig. 9— Panel for refractoriness test of air-setting 


refractory mortar. 


will be used, that is, super duty, high heat duty and 
intermediate heat duty. The dried specimen is placed 
in a furnace and fire to a temperature corresponding 
to its class. Intermediate heat duty materials are 
heated on Schedule B of A.S.T.M. Method C113** to 
2550 F (1400 C), high heat duty on Schedule C ex 
cept the temperature is held at 2730 F (1500 C) and 
super duty on Schedule C to 2910 F (1600 C). On all 
schedules the temperatures are held for five hours 
before cooling. The specimen is then inspected and 
satisfactory materials must show no flowing of the 


mortar from the joints. 


Screen Analysis 


Screen analyses may be conducted by two basic 
methods, either wet 01 dry. The wet method permits 
clay to slake and thus simulates conditions under 
which clay would be used for mortar. On non-slaking 
ingredients the wet method gives a more thorough 
analysis. On the other hand, materials which are to 
be used as packing or ramming mixes in a dry condi- 
tion are tested under the dry procedure in order to 
give a true indication of the condition as ground and 
to avoid possibilities of breakdown of grains which 
might occur with the wet method. Details of these 
procedures are given in A.S.T.M. Method C92.% 


Bonding Strength 


One of the valuable characteristics of air-setting 
refractory mortars is the ability to develop high bond- 
ing strength upon drying. This property is measured 
by forming a joint 14,-in. thick between the original 
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ends of 9-in. straignt brick cut in half, 1 
Method C198*° gives details for forming 
specimens which are dried carefully and, \ 
tested for modulus of rupture by breaking at 
Calculations are made in accordance with 
procedure as used in C133** and the avera 
determinations are reported. 


Consistency 


Since the properties of mortars, particula 


ing characteristics, vary with the consisten: 
mortar, it has been recognized for some tin 
would be advisable to bring all mortars to a stand 
value before testing. Attempts to produce eq 


for making such measurements have not bee: 
successful because of difficulties of handling 
of mortar. However, one instrument may ly 
on a tentative basis until a standard is adopt 
Petrie and Kocher*®® have suggested the 
modified Vicat needle 19.0 mm. in diameter, 
long, weighing 52.3 grams. On the basis of thei 
a penetration of 35 mm. could be considered stand 
for testing all setting refractory mortars. Figur 


shows one form of this apparatus. Mortars would 

















consistency of refractory mortars. 











~ 


Fig. 10—Modified Vicat apparatus for meas ring 
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ie end of a 
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top of the squeezing it down to 
ickness by ust ol space) rods and the excess 
moved \t a time estimated to be the 
for the particular mortar, the spacer rods 
d and a we ight to O1VE a pressure of 2 psi 
(See Fig. 11 If the 


queezes out of the joint the test is repeated 


mn top of the specime n. 


mnger holding period. If the mortar does not 


ut if 1s repe ated for a shortet period The 


is continued until a time is found at which 


just squeeze out of the joints. Poor 


»w values as low as 10 sec. while satisfactory 


values of 2 to 10 min. or more. 


Test Procedures for Plastic Refractories 


efractoriness of refractories may be 


P.¢ 


plastic 


d by the I test. 








irrangement for measuring water retention. 


7 
Spailing 


The spalling of plastic retractories is carried out o1 
9-in. straight brick molded trom the plastic in a press 
as described in A.S.1T.M. Procedure C180 Lhe panel 


and tested 


brick \ 


plasti relractory is tested tor 


is laid up of dry brick using kaolin mortar 


exactly as would be the case with fireclay 


separate sample otf the 
loss on ignition and this value used to correct for th 
weight of test 


loss in brick during reheating cv 


1 kability Index 


The relractories industry has 1rdoptlec 


Salle 


rammer of the American Foundrym 


en's Association 
for measuring the workabilitv index of plastic refra 
tories. The instrument is modified only by attachin 
a scale alongside thre top ol the plun er rod to measure 
distances and installing hooks for holding the weight 
during part of the operation as shown in | 
















Fig. 12 Apparatus for workability index test. 
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A.S.1T.M. Method Cl&l3 provides that specimens be 
formed from 300-gram samples by tamping for 10 
impacts each from top and bottom in the standard 
holder. Ihe plastic specimens are then removed from 
the holder and detormed by three impacts of the 
equipment, Measurements before and after deforma 
tion give a percentage which is averaged for fow 
specimens in the report. Satisfactory workability is 
considered to fall between 15 and 35 per cent sub 
sidence. If the test specimens crack during the defor 
mation the plastic is considered to have failed in 


the test. 


Drying and Firing Shrinkage 


Ihe combined drying and firing shrinkage of plast« 
refractories should show a low value. A.S.T.M. Methy 
C179" provides for the forming of 9-in. straight brir 
from the plastic.under a pressure of 1000 psi, After 
the lengths are measured with a hooked rule three 
specimens are dried and fired in a kiln to 2550 I 
(1400 C) in the case of high heat duty plastic and 
2910 F (1600 C) in the case of super duty plastic. 
The temperatures are held for 5 hours before the 
kiln is cooled. The measurement of the length of the 
cooled spec imens permits calculation of the combined 
drying and firing shrinkage expressed on the basis of 
the original plastic length. The average of the three 


values is reported. 


Vil. Test Procedures for Castable Refractories 
Reheat Strength 


Ihe new A.S.T.M. specification C213* for castable 
refractories provides that test specimens shall show a 
modulus of rupture of at least 100 psi. both after oven 
drying and after firing to 2000 F (1095 C). Details 
are given for the casting of 9-in. straight brick, four of 
which are oven dried and then tested for modulus of 
rupture while four additional samples are reheated to 
2000 F (1095 C) in 3 hours, held for 5 hours and then 


tested for modulus of rupture after cooling. 


Re fractoriness 


It has been found that the refractoriness of castable 
refractories may be determined by measuring the 
permanent linear change after reheating. A.S.T.M. 
Specification C213 provides that 9-in. straight brick 
made from Class 24 castables shall be reheated to 
2250 F (1230 C) for 5 hours and that specimens of the 
Class 27 castable shall be reheated to 2550 F (1400 C) 
for a similar period. Satisfactory materials show less 
than Il4 per cent expansion or contraction in this 


procedure. 


Vill. Testing Programs 


lhree types of testing programs may be considered 
suitable for use in foundries. The first type might be 
called “rule of thumb” observation. The second is 


the testing of basic properties without regard to use. 
Ihe third and most valuable is the testing of proper 
ties required by the service conditions and so is based 
on a critical survey of conditions to be met. 
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Rule of Thumb Observation 


In general, “rule of thumb” testing is no 
sidered in a technical presentation. How: 
the merits ol rapidity and cheapness and 
be passed by lightly. 

In the case of brick, this testing would 
striking them togethen or with a small h 
note the ring. A clear note indicates a s 
bond and soundness of structure. At the s 
the edges of the brick can be rubbed tog 
the relative resistance to abrasion observed 
brick may be broken and a note made of 
sizing, the bond and the soundness of struct 
brick may be measured with a rule, if care is 
place one end exactly at the end of a brick 
the brick may be pushed together so that 
tive straightness is evident. 

In the case of fire clay, dry mortars o) 
refractories, the material may be worked bet) 
fingers to observe grain size. This may b 
farther by mixing a small amount with wat 
hands and observing the workability and fee! 

In the case of wet mortar, the materia! 
worked under a trowel to note the consist 
smoothness and possibly the grain sizing. 

In the case of plastic refractories a_piec 
broken and kneaded in the hands to note wo 
and freedom from tendencies to crack as well 


imum grain size. 
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Since every testing program must be limited in sor 


degree, these “rule of thumb” methods can be % 


upon for checking some lots while others are test 


in the laboratory. In such a case it would be advisab 


to make out a simple form with spaces for th 
comments and make a general rating of the p 


observed, the record of the shipment and an ; 


mate rating of the material on the basis of th 
\ file of such information would be valuabl 
cate the relative uniformity of the products 

This type of testing has the advantages 
very quick and inexpensive to conduct sin 
quires a minimum of apparatus and time. Dt 
simplicity a large number of samples can be « 
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Che results may indicate uniformity in general p 


erties of the products. 

Ihe process has the disadvantages that it 
numerical values and that the ratings will 
cidedly not only with individuals but also wi 
ent times of testing by the same individu: 


results can be connected only vaguely to servic 


Laboratory Testing for Basic Properties 


The testing of basic properties of refracto1 
first step forward in a true testing program 
very few of these basic properties are det 
however, and the plan is considered a stop-s 
the next steps can be taken, or a fill-in betw 
specification tests. 

The tests to be conducted vary with thé 
material. In the case of fire brick the P.¢ 
be determined to check refractoriness, the 
of rupture would be measured to indicate 
strength, soundness and burn, and the wat 
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Lies a mustake In order to obtain 


satistactoryv results it Is not necessary to duplicate a 


good product in all respects, but rather only in the 
necessary propertics. Ihe tault is so common that the 
following example is given 

\ cupola block that had been tound to be satis 
factorv on the basis of actual use in a eray iron foun 
dry was tested in all the standard procedures except 
spalling and the complet resuits were set up as those 
required lor satistactory servic All tuture shipments 
of various brands were tested fully at high cost and 
if they did not conform to these specifications, were 
used only »n the upper part of the cupola. Usually 
the reason for rejection was low P.C.1 

\t first the setting aside of certain shipments for 
less severe use was pointed out with pride as justifica 
tion for the testing program. Later, however, som«¢ 
of the blocks of low P.C.E. were used by mistake and 
vaAave good SCTVICE (Also, some blocks of a rejected 
brand were used with outstanding success by a neigh 
boring foundry operating on a similar melting rat 
\s a result, pointed questions were raised, and in 
view of the high cost and the failure to secure the 
results boasted about, the entire program was dis 


continued 


IT yPES OF FIRECLAY REFRACTORIES 


properties required of each type and the test procedure involved 





ATION—9” 


ely 


ling or slagging 


severe 


nalleable iron furnaces 


lies ler nd 
ge conaitions, boilers anc 


rat 
it a 


ors 


dgderately severe 


Moderatel 


bo1ers 


Division w 


4uiS 


boilers 


Malleable side walls 


Fire boxes and chimneys 


malleable iron furnaces 


Intermedia 


¢ 


te temperatures 


boilers and incinerators 


Low te mperatures - 


Annealing 


castings 


ovens 


NOTE: 


boilers 


malleable 


Each type of refractory 


brick not more than + 
ver, and 


dimensions of 4” or o 
4”. 


nan 
134 


Measurements 


must 


be 


907 
- 


yo 
8% « 


made 


rile 


Refractorin 


Shrinkage it Panel spalling Modulus Water 
] 


P.C.E. Load Test permanent linear maximum loss, of Absorp- 


Cone) Defi 


rmation hange test Temperature of Rupture _ tior 


Min. Maximum Max mun pre he at given minimum max. 


24 


or shapes 


yn dimensions 


by 


A.S.T.M 


C 16 107 (2910 
l 122 (3000° 


2910 4! 000 


(2190° F. 


must comply with the following 


WarpacGe—95%% of the shapes shall not show warpage greater 
than 1% of the diagonal used in making the measurements 
lest method A.S.T.M. C 154 














oY 
29() 


In this case the worst error occurred from placing 
equal value on all properties rather than classifying 
them into groups as very important, moderately im 
portant or not important on the basis of a study of 
service conditions to be met and then drawing up 
limits on the basis of these data. It was not recognized 
that the high P.C.E. value of the blocks tested origin 
ally was unnecessary and that a lower value could be 
used. A study of many more than one product must 
be made before the service requirements can be rated 


and a specification drawn up. 


lesting for Service Prope rlies 


lo obtain maximum benefit from a test procedur¢ 
the properties determined should be only those that 
are required for the service conditions to be met by 
This involves a lenethy and detailed 
type ol 


the refractories. 
study of the 
equipment in general and then a reevaluation on the 


service requirements for the 


basis of conditions in a particular plant and furnace. 
Findings of scientific groups such as Committee C-8 
of A.S.T.M. are particularly valuable in starting such 
a study. Table I lists the types of refractories given 
in A.S.T.M. specifications and the test limits for each. 
Lhe supplic rs of refractories can often give valuable 
information and will supply advice and counsel dur- 
ing the progress of testing. 

\s an example of this type of preliminary evalua 
tion, the problem might be stated as the selection of 
super duty brick for service in the sidewalls of a 
malleable iron furnace used in a duplexing process 
with cupola melting. While the A.S.T.M. Standard 
Specification C63" for this type of service has not 
been revised to cover such a product, it is pointed out 
that the particular type of brick is covered in the 
Specification for Heavy Duty Boiler Service C64.4 
In this specification type D brick shall show a P.C.E. 
not lower than Cone 33, a change in the super duty 
reheat test of not more than | per cent shrinkage and 
a loss in the super duty spalling test of not more than 
This could be used on a tentative basis 


f per cent. 
Those 


and various brands of brick could be tested. 
that met these requirements could be considered as 
satisfactory for further study. Carefully conducted 
panel tests in the production furnaces might then br 
carried out and calculations made to determine corre- 
lation between the service results and the test data. 
Use could be made of statistical formulas in the 
A.S.T.M. Manual on Presentation of Data*™ to assist 
in deciding if there is a correlation. The problem 
could be carried to a tentative conclusion in this 
manner. 

\fter setting up this tentative specification tests 
would be conducted on regular shipments for the 
properties deemed important. ‘J he results would be 
recorded, filed and plotted on graphs as obtained. 
The tentative limits set by the specification would be 
placed on the graph in distinctive colored ink to be 
readily apparent. 

Whenever a lot is tested and shows exceptionally 
good results in one or more properties the product 
should be watched in service to justify the selection of 


that property as important. If it gives better than 
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the usual service that fact is more evide; 
previous conclusions were correct. 

Ihe data will be more valuable if tw: 
be installed, one from a lot of refractori 
age properties and the other trom a lot \ 
properties. Inspection during and afte: 
show the relative difference in behavio 


from the two lots can then be reversed i; 


the next campaign and similar observat 
[his procedure will eliminate variables i: 
and in conditions due to position in the { 

Similarly when a lot gives poor test res 
important property it should be given a s 
to assist in locating the lower limit of the s) 
Panel 


trial should be 


tests are necessary in this case sin 
in locations of only mode) 


conditions. If, at the end of the run, bo 


(pool and average lots) are in good cond 


mav be left for additional service. This is 
eous in bringing out the differences grad 
making sound comparisons. In such cases 
results on both, new panels may be instal! 


zone ot most severe service. It the results 


good another run should be made with the ret 


reversed in position, in order to secure fully 


results. 


If the poo! lot shows very poor service the s} 


1c( 


tion limit has been justified. Service results t) 


fair would point to a slight lowering in limits to 
retract 


excessive costs in securing satisfactory 


Good results would indicate that a definit 


of the earlier conclusions and limits should be 
By use of these studies for correlating test 1 
with service behavior a sound testing procedur 
specification can be developed that will select 
factory refractories, will eliminate unsatisfactory 


and will point to superior ones. 


At intervals of a year or less each specification 
procedure should be reviewed to see if chang 
service conditions have progressed far enough 
the conclusions. If there is any question a short s| 
should be made to check the former results or set ! 


values or procedures. 


The only disadvantage of this method of test 
the expense involved. Usually adjustments an 
promises must be made to use as much of this | 


as can be justified. 


IX. Recommendations 


It is recommended that every foundry lay ou 
balanced program of testing on the basis of the ¢ 


to a 


siderations given above. The type of work must 


set to conform to the size of the foundry 


und | 


quantities of materials being used. It is strongly! 


ommended that the program start slowly 
expansion be made on a very gradual basis 
to make greatest use of the testing program 
gested that in every size foundry extensive 
done on intermediate shipments. Thus the 1 
benefit can be obtained with a minimum ex 
of money. 

Several large users of refractories have ac 
program of testing a given brand of prod 


and 


[In 0 
sting 
vxImull 


ndit 


nted the 








ded list ot properties at the start of then 
\fter approval of the brand they tollow 
sting ol approximately ten lots, checking 
to a very limited extent and then follow 
ting on the tenth lot in a more extended 
test results are satisfactory, the program 
rough repeated cycles. If one lot fails 
s go through the extended series of tests 
consecutive lots have been satislactory, 


the program reverts to the cycle of ten 


On't isis of this plan it is recommended that a 
iry check a new product by inspecting test 
ed by the manufacturer and testing them 
any of the service properties as they can 
to the limited number of shipments re 
would then follow a cycle of five lots 
uur by “rule of thumb” inspection only and 
the fifth to laboratory tests of as extended 
their budget and purchases will permit. 
ould be kept of even the “rule of thumb” 
tests so that they can build up a file for 
nce when unusually good or unusually poor re 
ie obtained. In this way they are not passing 
nv material without checking but on the other 
ire not spending more money than can _ be 
rded by the size of the operation. 
For the large foundry, a similar plan can be fol 
wed over a cycle of ten lots. In this case again the 
iminary information can come from the supplier 
§ the refractories and his results can be checked by 
watory testing by the foundry. In this case the 
ests on each tenth lot should include all of the serv 
properties that are necessary for the particular 
Fach fifth lot between should cover the more 
ortant test properties that can be checked for a 
imited cost and the four lots in an intermediate 
sition can be tested by the “rule of thumb” inspec- 
methods. While this procedure is more expensive 
han for the small foundry, it can be justified on the 
sis of the more positive testing of materials. 
Both large and small foundries must spend much 
heir total effort in correlating test results with 
vice results. Since this is the most important part 


the program it must not be slighted. The securing 


bi even limited results is worth the entire effort. 
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DISCUSSION 


Chairman R. H. Srone, Vesuvius Crucible Co.. Swissvale 
Pittsburgh 
Co-Chairman A. S. Kiopr, Western Foundry Co., Chicago 
Dr. V. PASCHKIS 
fic heat of refractories 


The paper does not present tests for speci 


Mr. Swain: Since the properties of specific heat and thermal 
conductivity of any given class of refractories fall in a rather 
narrow range there is little reason for the foundrymen to 
check these properties on repeated shipments but rather to 
test for the other properties that are likely to vary and that 
have a major influence on the service to be obtained 

For original work the properties of thermal conductivity and 
specific heat must be given consideration. In such a study the 
values may be obtained from the manufacturer and used with 
satisfactory results 

In the preparation of this paper an attempt was made to 


prepare a table showing the most important properties of re 








OOO 


a 


fractories that should be measured for various toundrs Ses 


It was soon evident that this was too large an undertaking to 
this paper and might be the subject ot a sepaiaie paper on 
series Of papers for future meetings 

One reason why it is such a difheult problem is that service 
conditions vary trom plant to plant and the group of properties 
Ole plant or one dis 


that may be important in the furnace ir 
trict may be quite different from those of another. Each plant 
has to work out its own specific requirements try to select 
refractories to meet those requirements, and make the selection 


of the tests on that basis 


Dr H Ries I wish to ask Mi Swain how the cones tor 
the retractoriness are made 

Mr. SWAIN The standard method calls for grinding the re 
fractory to pass a 65-mesh sieve, bonding with an organic 


binder that does not contain fluxes, forming to a standard size, 


drying and mounti in an inert refractory plastic material for 


a4 
testing 

Dr. Ries The reason | asked that question was because a 
number of years ago I was testing the refractoriness of soma 
New Jersey fire brick According to the alumina and _ silica 
ratio shown by the chemical analysis, those brick should have 
fused at about 27.- When we tested some samples ot the cones 
cut from the bricks, thev fused at cone 31, but when we ground 
the brick sufficiently fine to pass a 100-mesh sieve, and then 
formed this into cones the fusing point dropped to cone 27 
If you ground your material finer than 65-mesh it might show 
1 lower fusion point 

Mr. SWAIN There are some technical points in’ preparing 
cones with plastic clays. Such material should be calcined be 
fore the cone is made to avoid bloating of the cone during the 
final heating. In the case of materials containing fluxes and 
highly refractory materials, the operator has to be extremely 
careful to get thorough mixing and to avoid loss of materials 
or he will secure wide variation in results 

CHAIRMAN STONE Is it ever the practice or might it be the 
practice to cut the cone from the refractory itself, or might 
that not be a supplemental test? I understand that the refrac 
tory engineers definitely are determined on the ground and 
reformed cone as the standard test. I wonder if that might not 
be a valuable supplemental test. 

Dr. Unger who had charge of refractories for many years at 
the Carnegie-Illinois Steel Corp. held out for the cone cut from 
the refractory itself. Of course, it is difficult to cut to the size 
of the standard cone 

Mr. Swain: Use ot a cone cut trom the brick and ground to 
size is the English standard method of determining refractori 


ness. In this country, we have standardized on grinding the 


material and forming the cone. The method has been used 
for so many years and there is such a background of informa 
tion available on that method that it would be confusing to 
change There are arguments in favor of both methods. The 
difficulties of grinding rather friable, soft material to the size 
and shape of a test cone are so great that most operators pre 
fer to grind the material to 65 mesh and mold cones thus keep 
ing away from such troubles. The size of the test cone has a 
material influence on the temperature of deformation, so that 
it would be necessary to grind any sample to a given size to 
be sure of consistent, reproducible results 

( Fk. Bates Mr. Swain has given us a verv interesting 
paper on the testing of refractories and I think it might well 
serve as a chapter in a handbook on foundry refractories 
which we should have. Unfortunately, the tests Mr. Swain has 
described are really comparative tests rather than tests which 
indicate how a cupola block, a fire brick, a plastic refractory 
or a refractory cement will hold up in actual service. I say 
it is unfortunate, but it is the best that the refractories engi 
neers have been able to do over a period of 25 or 30 Vears 

One of the best tests which the author described is the so 


called panel spalling test. In the old days, we would heat indi 


TESTING REFRACTORIES FOR 1} 


j } 


qual brick tO a certain tempel Lure inhi then 
end in water [hat test was in vogue for a eo 
intil finally somebody tound out that the test d 
he performance of a retractory brick in se 


In the development of the panel spallin Les 


that it did predict how a bung brick would pert 
ind how a boiler turnace brick would perton 
obtained on those brick in this panel spalling 
very closely with the way they pertormed in. sé 
has been widely used in improving the spall resis 
brick over the past 10 or 15 years. Now, the qu 
the same spalling test be used in improving « 
The service conditions in a cupola, as all tou 


all tor resistance to abrasion, resistance to hiel 


resistance to slag erosion \ brick that is to be 


to abrasion may have poor resistance to spalling. O 
that retractories people are up against, is to deve 
block, that will be well suited for service in the 
ind at the same time give good service down 
zone This is true especially in some foundri 
drop the bottom at the end of the day and dire« 
water up on the white hot brick I realize 
foundries it is necessary to do this because the 
the cupola patched by the time they are ready 
next morning. So far as spalling goes, that is 
the melting zone lining 

Mr. Swain described the load test and he sa 
no value in a cupola. It does have in an ope: 
nace, where the steel foundrvmen melt a great di 
steel. It is valuable in checker brick, because thos 
heated all around, just as the specimen is heated 
test. The load test might be used to predict ser 
fractories in open hearth checker work 

Ihe test the author mentioned tor plastic refractories 
the sand rammer is used, is being widely used in tl 
and by a good many users of these refractories. It does 


8S too fnhar 


whether a plastic is too soft or whether it 


rammed in a ladle lining or to be rammed in a fur 
it does not squeeze out o1 crumble out. So these ASTV 
which have been described will have to be used 
in any expanded program of testing that the foundrymar 
carry on. I do say, however, that it might well be par 
handbook on foundry refractories, which we need 
Co-CHAIRMAN KLop! The ASTM has been and is & 
continue doing a great deal of work on standardizatior 


gard to testing. The foundry industry in all its phases 


alwavs had a decided lack of standardization so whe 
our problems let us keep that one factor in mind, W: 
have standardization and development if we are going 
beneficial results 


C. R. SHoox: * We do not test fire brick, but we do tes 


crucibles. In asking for bids tor crucibles, we reg 
the crucible makers, who are interested in suppling thet 
five crucibles for testing purposes. They are paid for thos 
cibles. We run all five and specify that the ordet 
awarded on the performance of the best three of 
Testing has the advantage of keeping the crucibl 
close touch with us and it keeps us in close toucl 
We frequently change from one manufacturer to anothe 
like this procedure and recommend it to crucible users 
We have two types of furnaces, a gas furnace will 
and also an Ajax high-frequency induction furna¢ 
furnaces have been in use almost ever since the n 
in existence The Ajax furnaces have been in us 
Fall of 1942. We have had six vears’ experience 
includes war time operation of 24 hr a day 7 days pe 
Thev have had some hard service The crucible 
furnace is a regular bilge type The crucible fe 
furnace is a straight-walled-cvlinder type We bel 


getting the best possible crucible as a result of 


‘United States Mint, Philadelp] 





EFFECT OF GATING DESIGN ON METAL FLOW CONDITIONS 
IN THE CASTING OF MAGNESIUM ALLOYS 


By 


H. E. Elliott 


IBSTRACT 


hors relate the desig? the gatin 


rbulence which occurs during th 


; 


castings, and to the resulting qual- 


ead to castin 
+ 
Vases i? 


; 


sprue desig 


indicated that three casting 


ated by gating turbulence; name 
vating 
defects, using 

of various designs 
of skin 


gates as a 


prez 


f enting 


Introduction 


[HE PRESENT PAPER deals with studies of th 
i gating desing on the nature of flow conditions 
pouring of magnesium alloys into molds. At 

mpts were made to determine from a practical point 

view just what factors of gating design were critical 

Observations 

likely 


aggravated if turbulence in pouring 
to 


the control of pouring turbulence. 


ilso made as to what foundry defects were 


ccur or to he 


lot prevented. then made 


the principles evolved to the gating of a com 


\ttempts were 


casting. 


beginning this work, it was anticipated that 


utions to gating practice of commercial sig 
could be made by laboratory studies. It was 
ed, 
learned a great deal about gating practice, and 
the 


valuable background 


however, that practical foundrymen had 


mventional gating systems in use at time 


rk started embodied a 
cal information. It was therefore proposed to 
mventional gating system, arrived at by prac 
ndrymen, as a prototype; and then to examin 


the constituent elements of this conventional 


of gating systems in use at the time revealed 


eneral they were constructed at follows: First, 


Bay Citv, Mich 
Inc., Bay City 
Midland, 


The Dow Chemical Co 
Bay 
The Dow Chemical Company 


lurgist 
Mich 
Mich 


ger, Saginaw Industries 


and J. G. Mezoff 


in casting magnesium alloys, a pouring basin was 


almost invariably used. Ihis basin was flooded in the 


early part of the pour, and kept brim-tull throughout 


the duration of the pour. By this means, the pouring 


time was standardized trom one cast to another; the 


avoidance of certain casting detects was also attributed 
to this practice a down 


the 


Beneath this pouring basin 


spruc carried metal (in common practice) to the 


level of the lowest part ot the casting Cavity From the 


base of the spruc, the metal flowed in a horizontal 


runner, and from this runner the metal passed into 


the base of the casting cavity through a number of 


gates. It was most common practice for the choke in 


this entire gating system to occur in the sprue; that is, 


the relative dimensions of sprue, runner, and gates 


were so adjusted that the cross-section available for the 


flow of metal was at a minimum in the sprue, which 


rate of flow. Dimensions of the 


the 


hence controlled the 


system then so 


the 


other elements of vating were 


adjusted as to avoid restriction to the flow of 


metal after it had passed through the spruc 


Screening of Metal Stream 


\t the time this work was begun, it was apparent 
the 
fairly standard tor magnesium alloys 


that above features of gating design had become 


I here 


Opinion, 


was con 
difference ol however, 
Chietl 


haps, was the question as to whether the metal stream 
the 


side rabk unre solve dl 


about a number of points. among these, per 


need be screened at any point in system 


gating 
Some foundries invariably placed a skim-gate with or 
without a pad of steel wool, at a point intervening 
between the sprue and the gates, and at a level in the 
the the In 


the was regarded as 


mold lower than base of casting cavity 


othe foundries, use of screens 
unnecessary, as long as the design of the gating system 
was prope! 

\n examination of this conventional gating practice 
indicated that the most probable sources of pouring 
turbulence resided in the design of the sprue part of 
this system, and in the design of that portion of the 
lving immediately under the was 
reasoned that if the 


state of quiet flow in the horizontal runner, it would 


runne! sprue. It 


metal could be brought into a 








994 


be reasonably easy to prevent turbulence thereatter. 
Consequently, it seemed reasonable io single out the 


sprue and its design for initial study. 


A Study of Sprue Design 


In conjecturing as to what design of sprue might 
give best freedom from turbulence when metal was 
poured into a mold, the system sketched in Fig. 1 was 
visualized. In this sketch, the pouring basin is repre- 








ANARAAN 
\ 
































g. 1—Conventional sprue system. (A), pouring basin; 
(B), sprue, and (C), mold material. 


= 
~ 
- 





sented by “A”, while the sprue “B”, which is circular 
in cross-section, is surrounded by the permeable mold 
material “C’’. It is assumed that there is no restriction 
of the rate at which the metal can leave the base of 
the sprue (this is approximated in conventional gat- 
ing practice, at least for the early part of the pour). 
In the pouring of a mold of which the sprue is 
sketched in Fig. 1, the runner cup is flooded and kept 
full throughout the pour. When steady state condi- 
tions of flow are attained, consider the conditions 
which must prevail in this system. The following 
hypothesis seemed a reasonable starting point: 

Assuming that the sprue is untapered, the max- 
imum resistance to flow will occur at the mouth of the 
sprue, due to the turbulent entry conditions at this 
point. Consequently, the metal will be able to fall 
through the sprue at a faster rate than the rate at 
which it can enter the sprue-mouth. The falling metal 
will tend to flush mold gases out of the sprue ahead 
of it, creating a partial vacuum just below the mouth 
of the sprue. Since the mold material is permeable, 
however, the net result is an aspiration of mold gases 
into the metal stream, and the admixture of these 
mold gases with the metal stream. 

For a preliminary test of this hypothesis, the appa- 
ratus indicated in Fig. 2 was set up. In this sketch, 
“A” was a 34-in. diameter porous alundum tube (rep- 
resenting a sprue through a porous mold material) . 


GATING DesiIGN For CASTING MAGNEsIt 
This tube was surrounded by a jacket, “B 
cated. Above the tube was mounted a glass 
corresponding to the pouring basin of Fig, | 
ments were made by which water could be 
to the reservoir at such a rate as to mail 
desired level in the reservoir. 

It was found when water was passed th 
apparatus, keeping the reservoir at the top 
a negative pressure of about 2 in. of water { 
the annulus between the tube and the gla 
Further evidence of the formation of a negative p) 
sure in the alundum tube was the occurr 
vortex extending from the top of the resery 
the top of the alundum tube. 

When the bottom of the alundum tube was ; 
stricted (corresponding to a restriction of the bas 


a sprue), water seeped through the walls of the a 
dum tube, and a positive pressure was developed j 
the annulus. 

A 34-in. O.D. graphite tube was then secured. About 
twenty 0.013-in. diameter holes were drilled in ¢} 
side of the tube to give it permeability. The experi 
ment was repeated replacing the alundum tube with 
the drilled graphite tube. When the water flow 
so adjusted as to hold the level in the reservoir at 
various heights, it was found that no vortex formed 
with this more permeable tube as long as the depth ir 
the reservoir was greater than one inch over the toy 
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of the tube. When the reservoir was kept full o! 
water, a negative pressure of 5 in. was deve! yped 
the annulus. When the bottom of the tube was ! 
stricted, a positive pressure of greater than 
water was developed; when the top was rest 
negative pressure of more than 12 in. of v 


pl oduced. 
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THE ASPIRATION OF GASES INTO WATER SYSTEMS 
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Further work with another graphite tube of the 
FIGURE 4 same size was conducted over a range ol permeabili 
PMENT FOR THE STUDY OF GAS ASPIRATION ties. The permeability was varied by starting with 
NTO LIQUID DOWMETAL SYSTEMS two holes each 0.016 in. in diameter, and increasing 
I ai the number of holes to 40 during the course of the 

“ r—-B8 
4 f__POURING 
A a H BASIN For each permeability value, the effect of the stati 


—¥ 


XN Pcrire nts. 


head of water in the reservoir was studied. Figure 2 


illustrates the simple flowmeter used in this study to 


ceo 
> 


compare the degree ol aspiration under various con 


— 
! 
Ww 
> 
z 
°o 


_——— ditions. Figure 3 shows curves indicating the results 
obtained 
—STEEL PIPE 


Further Studies of Sprue Design 


If the phenomena observed in these studies of the 


flow of water through porous vertical tubes could be 


‘eee, een 


1 assumed to coincide with those occurring when metal 
| 

— is poured down the sprues of sand molds, a number 
f of interesting relations between sprue design and 
Ye-CATCH BASIN turbulence were indicated. It was necessary to deter 
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MANOMETER 


mine whether such phenomena actually occurred 

when the metal-sand system replaced the water-alun 

dum or water-graphite system. For this purpose the 
apparatus sketched in Fig. da was prepared. 

\ standard steel pipe (A), 3 in. in diameter, 20 in 

| waANIFOLD long, and threaded on one end was used as a flask 

j Fastened to the top of the flask was a removable pour 

! ing basin (B) made of boiler plate. A sidearm (C 


#4 <a ee S . 
Ke ye rl Bhat ng was welded to the side of the flask, by means of which 


H 15 TO EACH SIDE 





pressure and gas-flow measurements were to be made 
\ catch basin (D) with overflow (E) were placed 
under the flask in such a way as to provide a liquid 





PAPER LINER -L 


JRE 4h 
seal at the bottom. 
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Core sand was rammed up and baked within 
flask to torm the sprue core Fk), which was 20 in 
long. An open-end manometer (G) and a crude flow 
meter Hi) were available for making rough dete: 
minations of pressure variations and gas flow 

It was anticipated that the large volumes olf gas 
produced by the avents and binders normally used in 
the foundry would interfere with flow and pressure 
measurements IL heretore bervllium was added to the 
commercial AZ635 alloy used in the tests so that it 
would be unnecessary to use agents in the sand. Blast 
sand was used as the base sand because ol its high 
permeability, and a commercial grade of water glass 
Was employed as thre binde) Whe 1) such a core sand 
mixture was baked tor one-half hour at 1000 F, littl 


further gas evolution occurred when magnesium alloy 


] 


at 1350 F was poured through it 


Use of Liquid Seal 


In the earliest experiments, it was found that if a 
liquid seal were not provided at the bottom of the 
mold, no aspiration could be measured. A tapered 
sprue [I in. in diameter at thr top and 1Il4 in. in 
diameter at the bottom was found to aspirate conside: 
able quantities of gas when a liquid seal was provided 
It was not possible to obtain a quantitative compa) 
ison in degree ol aspiration among various aspirating 
sprues tested, either visually or by means of availabl 
motion picture equipment 

This equipment was abandoned alter a few tests in 
favor of the equipment indicated in Fig. 4b. Using 
this equipment, a variety of sprue designs were tested 
as to comparative tendencies to aspirate gases. 

\ 114-in. diameter sprue (untapered) gave a large 
amount of aspiration. When the bottom of this spruc 
was restricted, however, by placing a section of skim 
gate over it in such a way as to restrict flow, a positive 
pressure was generated within the manifold. It is 
believed that the air in the manifold heated and ex 
panded, that no aspiration occurred, and that gas was 
therefore forced out of the manifold through the flow 
meter. This observation of the effect of the gas 
expansion during heating shows how significant pre 
viously noted cases of aspiration were. 

\ tapered sprue, 214 in. in diameter at the top by 
| in. in diameter at the bottom gave a slight positive 
pressure, again indicating little or no aspiration. \ 
sprue tapered from 2 in. in diameter at the top to 
4, in. diameter at the bottom produced a large posi 
tive pressure in the manifold. These experiments 
showed that if the sprue is tapered sufficiently from 
top to bottom, aspiration can be markedly reduced. 

\t the outset of this experimental work, a hypoth 
esis had been formulated which assumed that in a 
sprue system consisting of a pouring basin mounted 
over an untapered sprue, the major resistance to flow 
would be at the upper mouth of the sprue. This 
assumption led to the prediction ol aspiration effects 
Che experimental demonstration that such aspiration 
occurs is regarded as confirmation of the assumption 


that the major resistance to flow in such systems does 
occur at the mouth of the sprue. In another paper’, 
the authors present other evidence that this is the 


GATING DESIGN For Casting Mac 


cast At any rate, the effect of taperir 
from large at top to small at bottom is ; 
stood. Such alterations in sprue design sh 
restriction to flow to the base of the spruc 
climinate the formation olf a negative press 
the spruc mouth and resulting aspiration 

It was questioned whether other mea) 
found of shifting the major resistance to 
from the sprue mouth by changing the s; 
\ possibl clue to such designs lay in the 
that some magnesium alloy foundries 
sprues with the purpose of reducing pour 
lence. This suggested the advisability of test 
with a large ratio olf cross-sectional perim res 
with respect to whether they aspirated gases 

\ccordingly, a battery of four 14-in. diam 


was molded up in the equipment sketched in Fi 
When the metal was poured through this 

tem, a slight POSsitive pressure was develop Lt intl 
manifold, With batteries of two and th . 


diameter sprues, a similar positive pressure resulted 
\ rectangular sprue 14 in. x 1 in. cross section asp 
rated large quantities of gas. On the other hand 

‘4 in. xX 2 in. rectangular sprue, or a battery of thr 
such slots, produced a significant positive pressure iy 
the manifold. Table 1 tabulates the work relating 


sprue design to aspiration, 





PABLE 1—EFFECT OF SPRUE DESIGN ON Deore} 
OF ASPIRATION 











Size at Size at Restr ction at \ 

Type of Sprue lop, in. Bottom, in. Botton \ 
Round, tapered 1 Dia. 114 Dia. N M 
Round, tapered 114 Dia, 1 Dia. Y M OU! 
Round, untapered. 1% Dia. 1% Dia Ni M ne | 
Round, untapered. 144 Dia. 1% Dia. Yes, by sk 

iM 
gate 28°), v \ 
+] 
Round, tapered 2'6 Dia. 1 Dia. Ye N a Ut 
Round, tapered 2 Dia. 34 Dia. Yes ‘\ pl 
Four pencil sprues. 1! Dia. lg Dia Ne N RB th 
Three pencil sprues 1% Dia. lg Dia N N 
Rectangular 2x! 2x! N M 
Rectangular 2x6 2x4 No | nse 
Rectangular 2x3 2x3 No N hat 
Three slot sprues 2x%@ 2x3@ No N iona 
ice ft 
) e7 
It is assumed that the reason for the failure of slo satis 
type sprues (or other sprues of large ratio of pel \t 
meter to area) to aspirate gases lies in the fact thai Bp) , 
with sprues of this type the major resistance to flo ise? 
is not concentrated at the sprue mouth. Probably t tione 
resistance to flow of the sidewalls of the sprue D pours 
comes significant with respect to that of the spt f flo 
mouth, when the cross section of the spruc | sul The 
ciently high ratio of perimeter to area fron 
Relation of Gating Design to Casting Quality 
Description of test casting 
’ 


It was desired to continue these studies galls 
turbulence along the following lines: 
termine what other elements of the con 
gating system (other than the sprue) are cr! Ni oa 
respect to the effect of design on gating t 








AND ] C. \MIEZOF! 


ne what detects are caused or a 


ogravated much turbulence as occurring in this gating system 
uncontrolled amounts of turbulence to inder steady-state conditions of flow 

rating ( to determine the relative roles Ihis test ¢ 
desigon and the 


isting 
LIS¢ ot 


is suthciently tlexible ‘ permit 
skim-gates Investigation ol the independent ettects of many vating 
variables | 


in 
casting quality 


or example it Was cCasyv to substitute sprues 
ot almost anv desired design tor the untapered round 
spruc shown Fig. 5 1 he liquid seal at the sprue 
base could be used or omitted at wil \ screen area 
as indicated in I ig. oO could be incorporated into the 
svstem readily 1 hie pates nto the panci could be 
varied is In Fig r) as could thre venting ol the test 
pane! 
Descript f def 


Preliminary studies indicated that two different 
test casting were sensitive to 
in gating design. One of these 


"at fects in the 


Variations 


detects consisted of 








kx pe rhe ntal casting 
) 


used in studies of effects 


’ ) 
; yi? , 4 ” no auatiit 
T iience on casting pua 


complish these aims the test castin 
» was designed. In 


spruce It could be 


g pictured 
1 was the 
terminated at the parting 


mold, or it could be extended through the 
into the 


this casting, 


drag to within | 


B, as indicated 


ded at the base 


in. of the bottom 
Thus, a liquid seal could 
of the sprue. 


From the well 
etal passed into the 





runner C, which was 
Fig h Experimental casting showing screen areas used 
ned to have several times the cross section of the s 
in some tests 
sprue to be studied. This was done to insure 
I choke would occur in the sprue as in conven 


ating practice, although in commercial prac 


ratio of runner area to sprue area would not 


xageerated to the extent indicated in this test 


\t the opposite end of the runner C 
placed and ovel 


pop-off, E. 


to serve as a 


, a second well, 
this well there was a large 
The well D, was amply propor 
catch-basin for the 
it was desired that steady-state 


first metal 
tol 


conditions 
be attained before the actual test panel filled 
ser E, served as a pop-off, preventing the metal 
tering the test panel at too great a velocity 


st panel itself is shown as G. 
in 


This was a 
horizontal panel, gated into one 6-in 


vented, H, at the opposite end. Its purpos« 
ply to “tap-off” a sample of the metal flowing 
inner C after steady-state flow conditions were 
1. It was expected that this sample of metal 
eeze rather rapidly, entrapping any included 
t was hoped that by examining the quality of 
panel, inferences could be drawn as to how 








Fig. 


Experimental casting showing 


veb gating of 


the test pane l 
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irregularly shaped holes varying in size from a tiny 
hole the size of a pin head up to as much as an inch 
in diameter. ‘This detect was called blows.* 

These blows were most readily detected by radio 
graphing the panel. Ihe radiograph also provided a 
convenient method of comparing the extent to which 
a number of panels contained this defect. Figures 8 
to 12 indicate the rating system which was arrived at 
in comparing these test castings as to the severity ol 
the blow condition. If there were no blows in the 
castings, its rating was “0”. Panels containing various 
numbers of blows were assigned ratings trom “I” to 
“>” as indicated. 

The other delect which appeared when gating 
turbulence was permitted was called “skins”. ‘This 
consisted of a reaction product between the metal and 
the mold gases which became entrapped in the metal. 
regate of reaction-products which were called 


The agg 
skins were not in general very dense, but instead con 


sisted of films of oxidized metal mixed with some 
unreacted gases. ‘They had the appearance of a 
“foam” of metal films mixed with gases, rather than 


* As will be developed in this paper, such blows were clearly 
shown to be induced by gating turbulence. Other studies at 
Dow not covered in this paper indicate that there are other 
sources of green sand blows, aside from gating turbulence, The 
presence of such impurities in the molding sand as bituminous 
coal will result in a form of green sand blow which is charac 
terized in appearance by its almost perfectly spherical shape, 
and hence by the extreme sharpness and roundness of its appear- 
ance on a radiograph. The occurrence of this type of green 
sand blow also seems to be affected by the moisture content of 
the sand. The blows described here, on the contrary, were not 
related either to sand impurities or to sand moisture content, 
but appeared to be the result of entrapment of mold gases in 
turbulently flowing metal. It is probable that all of these sources 
of blows are of commercial importance. 
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, H. I 

the appearance of a pocket of metal oxic; 
dered form. = 

Skins were best detected by fracturing = 
panel and examining the fresh fractures 
system was set up to compare the relatiy: . 
skin in panels cast using various gating , 
shown in Fig. 13. If the fracture was fre: chy I 


“0” rating was assigned. Ratings of “1” th 
were assigned to indicate increasing amou; 
trapped skin. 

It was not uncommon for both blows and skins ; 
be evident in the fractures of a single pane! For tl 
reason, the fractures of test panels were classified . . 
the following types, as indicated in Fig. 14: Type | ;? 


fractures exhibited skins, but no blows; Type II fra , 


tures had both blows and skins; Type II fracture a 
had blows, but no skins, and Type 1V fractures were i Ge 


clean, showing neither blows nor skins. B ka 
Me 
Effect of gating design on occurrence of blows a7 
° bd . * > 
Preliminary tests made with the experimental cast "on 
ing shown in Fig. 5 showed that by use of a 114-in 2% 
diameter untapered sprue and a low pouring tempera mS, 
ture, panels containing large numbers of blows wer , at 
obtained. Since this sprue was an aspirating type of BB 
sprue, previous experience had led the authors to cr 


expect that the use of a sprue of this type would lead 
to intimate admixture of the metal with mold gases 
Hence, the occurrence of the blows was attributed to 
the entrapment of mold gases in the flowing metal, to 
the failure of these gases to react at this low pouring 


Fig. S—Rating system for describing severity of blows §@ 
in test panels; upper limit of a “1” rating. Reduced §@ 
approximately 4 in reproduction. 


ae: 33-5 
Ss 
; 


a 4 fe 


i aye 
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and to the tailure of the gas bubbles to logical that the occurrence of blows in the test panel 
the rapidly treezing panel could be used as an indication of the presence of 
ieved, then, that a successful method of turbulence in the gatine: and that if variations in the 
iting turbulence had been found. It seemed gating design led to variations in the severity of blows 


in the test panel such variations could be attributed 


Rating system for dese ribing severity of to Variations in gating turbulence \ rathe compre 
yanels; upper limit of a “*2” rating. Fig hensive program was theretore conducted to relate 
l’'pper limit of a 3” rating. Reduced various features of gating design to the resulting de 


eree of gatine turbulence, using the occurrence of 


& ee 


l gin re produ {10Mn. 
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blows in the test panel as a criterion of turbulence 


Ihe results of this program are tabulated in lable 


hig ]/ (above) Rating sysfermn fo) deso Ding sever 
ot blows in test panel uppe limit of a / rativig 
Fig. 12 (below Upper limit of a5 ating. Reduced 


| )) eDbroductior 
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In all of the tests listed in Table 2, th 
tration was the same. Virgin ingot AZ 
melted in steel crucibles under crucible ty; 
erain-refining or degassing treatment was 
inasmuch as virgin ingot metal was used 
tions were taken to avoid gas pick-up in m 


was no danger that the poured metal cor 
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Fig. 13—Rating system for Type I fracture. 
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Fig. 14—Fracture.types observed in study of 


experimental castings. 








ficient hydrogen gas to cause gas holes from this 
source. In all tests, the mold material was the same 
a fluoride-inhibited sand of the composition given 
in Appendix A. The same pouring basin was used in 
each test—a bottomless steel cup 10 in. long by 5 in. 
wide by 5 in. deep. Pouring technique was to flood 
this cup as early as possible, and to keep it full 
throughout the pow 

Lhe significance of the various headings in Tabi 
2 is described: 

Column I: “Test No.” In this column a serial 
number is assigned to each kind of test that was made. 

Column 2: “Sprue Description.” The design of the 
sprue used in each test is described in this column. 
All round sprues were molded in green sand. Batteries 
of slots were made in a plaskon-bonded core sand, 
and these cores were thoroughly baked before use. 


















Column 3: “Liquid Seal.” In this column it 
cated whether the sprue terminated at th 
line, or extended into the drag to within | 
bottom of the well as in Fig. 5. 

Column 4: “Screen area.” Here it is 
whether a screen area with skim-gate as in Fi 
used. In those cases in which a screen area 
the skim-gate material was tinned perforat 
sheet with the No. 4 perforation. 

Column 5: “Steel wool.” In most cases 1n 
screen area was used, a loose pad of steel 
placed on the sprue side of the skim-gat 
column it is indicated whether this pra 
followed. 

Column 6: “Pouring temperature.” This « 
self-explanatory. 


Column 7: “Vents.” In this column it is 
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TABLE 2—EFFeEct oF GATING DESIGN ON OCCURRENCE OF BLOWS IN THE TEST CASTING 














 —< ’ 
Sprue Liquid Screen Steel Pouring Panel A.P.T. No. of 
Descriptio: Seal Area Wool Temp., °F. Vents (sating Se Tests A.B.R Remarks 






Dia —— No No 1200 One Finger £0 4 50 
Dia ° ‘ Yes No No 1200 One I nger 5.4 ty 4,5 
4 Dia. at top x 1 in. Dia. at 







Yes No No 1200 One Finger 0 ; 4 











Yes 
ac g In. X 2 Yes 
each 3% 1n. x 2 in. Yes lo if 1200 One ‘inger 4.0 7 0 
" 


Yes 













™ ; Yes ( Fj 
Dia. Yes Yes Yes 1200 One by iger t > > i) 
ach 3¢ in. x 2 in. Yes No No 1200 One Finge § 3.0 S ( ble Lip 
ach 3% in. x 2 in. Yes Yes Yes 1200 One Finge 4.0 ) 4.0 
ach 3% in, x 2 1n. Yes Yes Yes 1200 One Finge 4.5 2 1.0 
.x 2in , I 
+ Fy 
| .U ] 5.U Runner restricted to 2 





in. Dia. half round 





opening. 
. Dia, es eee Yes No No 1200 One Finger eo 2 4.5 Runner restricted to 
116 in, Dia. half round 
opening. 
7 Dia a | No Ne 1200 One Finger ded 5 he Runner restricted to 


1146 in, Dia. half round 
















opening. 
8 a. , Yes Nc No 1200 One Finger 6.5 5 1 in. Dia. half round 


opening a panels 













ach 3¢ in, x 2 in. Yes Yes Yes 1200 One Web +.0 2.0 
x s ach 3@ in. x 2 ’ Yes Yes Yes 1200 One Web 7.0 } 2.0 
ach %@ in. x 2 in. Yes Yes No 1200 One Web 8.0 | 2.0 
? ach 3@ in. x 2 In. Yes Yes Yes 1200 One Web 7.0 1.0 
s, each 3¢@ in. x 2 in. Yes Yes Yes 1200 Three Web 1.0 
4 s, each 3¢@ in. x 2 in. Yes Yes Yes 1200 One Web +0 : 2.0 
ach 3@ in. x 2 In. Yes No Nx 1200 Three Web , , 0 
at I Dia ° Yes Yes Yes 1200 Three Web > ] 
27 214 in, Dia. Top, 1 in. Bottom Yes Yes Yes 1200 Phree Web 6.0 5 0 
28 ots, each % in. x 2 in. Yes No No 1200 Three Web 4.5 2.0 
ts, each 34 in. x 2 Yes No No 1200 Chree Wel a | 
* in. x 2 in. Yes No No 1300 Three Web 1¥.U0 ] 0.0 g In, thick pane 
Z ts “4¢ in. x 2 in. Yes No Ni 1300 Three Web 9.0 | 0.0 e in, thick pane 
3 slots, 34% in. x 2 In. Yes No No 1300 Three Web 6.0 l 0.0 ¢ in, thick pane 
4 slots % in. x 2 in. Yes No No 1300 Three Web .0 2 1.0 ¢ in. thick pane 
+ . ts 446 in. x 2 in. . Yes No No 1300 Chrec Web 4.0 l U.0 x in, thick pane 
n. Dia. : . : Yes No No 1300 Three Web 6.0 l 1.0 g in. thick panel 






























| hether a single l-in. diameter vent was used at the their results vields many significant conclusions as to 
panel end as in Fig. 5, or whether this venting was the effect of gating design on the occurrence of turbu 

— ised by the use of three such vents. lence. A brief survey of these tests follows 
( mn 8: “Panel Gating.” ‘This column indicates In Tests 1 and 2, an aspirating sprue is used (114 
s hether the metal entered the test panel through in. diameter, untapered). In neither test was a screen 
yaruing three finger-gates (as in Fig. 5), or through a con area employed, but in both tests the panel was gated 
ort tinuous web-gate (as in Fig. 7). through three finger gates and vented by means of a 
| Column 9: “A.P.T.” This column gives an average single l-in. diameter vent. In Test 1, no liquid seal 
| i the pouring times for the castings poured in each was provided, while in Test 2, a liquid seal was used 
9 1 test. The pouring times were measured by an Test 1 was repeated four times; Test 2, six. Both tests 
set ric time-recorder, which measured the lapse of yielded panels containing a very large number of 
S between the moment the metal reached a contact blows, as indicated by the high A.B.R. (average blow 
laced in the pouring cup, and the moment the metal rating). It was inferred from the appearance of these 
i eached a second contact in the well D (Fig. 5) at the panels that at some point in the gating system, an 
Wa { the parting line. intimate admixture of metal with mold gases occurred, 
, ( mn 10: “No. of Tests.” Here is indicated the resulting in the entrainment of bubbles of gases in 
r of times each test was repeated. the metal stream, and that these bubbles were carried 
( mn Il: “A. B. R.” Here is recorded the aver- into the test panel and entrapped there by rapid freez 
Ag w rating (Fig. 8 to 12) of the panels resulting ing. It was considered probable that the major source 
ach test. of this turbulence was the design of the sprue, inas- 






letailed study of the tests listed in Table 2 and much as an aspirating type of sprue was used. Test 
5 
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2 indicated that the sprue base was probably not the 
major source, since provision of a liquid seal did not 
significantly reduce blows. 

In an attempt to determine whether the sprue in 
Fests | and 2 was the major source of turbulence, it 
was decided to duplicate the procedure ol these tests 
with the exception that a non-aspirating type spruc 
would be used. In Tests 3, 4, and 8 this was done by 
using sprues which were tapered with the large diam 
eter up. In each case, a liquid seal was provided at 
the sprue base. In Test 3, a sprue 214 in. in diametet 
in diameter at the bottom was 


\.B.R. of 


a sprue 114 In. in diamete) 


at the top by | in. 
used. It was not eflective in reducing the 
the test panel, In Lest 4, 9 
at the top and one inch in diameter at the bottom 
was used. This sprue was successful in reducing the 
L.B.R. to 3.0. 
test The test appeared to be comparable in every 


way to Test 2. All factors of gating design except the 


This was regarded as a very significant 


taper of the sprue were held constant, and the pow 
ing time was the same in both tests. A> significant 
reduction in blow rating attended the change to a 
non-aspirating type of sprue. The failure of the non 
aspirating type spruce of Test 3 was believed to be due 
to excessive velocity at the sprue base: the excessively 
fast rate of flow through the l-in. diameter opening 
was believed to lead to turbulence in the well at the 
base of the sprue. In ‘Pest 8, a sprue 134 in. diameter 
i’, In. in diameter at the bottom gave 


A.M. OF 10. 
) 


not be compared directly with Test 2, because of the 


at the top by 


the very low However, this test could 


much slower pouring rate in Test 8. 


Effect of Sprue Design 


f contained signifi 
clearly 


While 


cantly fewer 


the panels from lest 
blows than those from ‘Test 2, 
demonstrating an effect of sprue design on turbulence, 
they still contained so many blows as to indicate the 
occurrence of considerable turbulence in the gating 
system. Attempts continued, therefore, to find means 
of further reducing gating turbulence. In Tests 5, 6, 


and 7, slot sprues were tested. In ‘Test ‘; conditions 


compared with those of Test 2, except that a sprue 
consisting ol two 2-in. x Ve in. slots replaced the ll% 
in. diameter sprue. Again a significant effect of sprue 
design on panel quality was seen. At similar pouring 
rates, the non-aspirating type sprue gave better quality 
than did the aspirating type. In Test 5, a non-aspirat 
ing type sprue consisting of five slots, each 2 in x 3% 
in., failed to give a low A.B.R., apparently because of 
excessive pouring rate. 

The best quality panel thus far attained still con 
blows as to indicate considerable 


The crucible in 


tained so many 
turbulence somewhere in the system. 
use in these tests had a pouring lip of such design as 
to give a wide flat stream in pouring. It was suspected 
that this type of pouring stream might by resulting 
in entrapment of gases. Therefore, in Test 10, the 
methods of Test 7 were repeated with the exception 
that the crucible used was fitted with a pouring lip 
which gave a tubular stream. The results indicated no 
advantage of this practice, and the A.B.R. of 3.0 which 
was obtained still left a question as to where the 
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responsible turbulence was occurring. Th 
this source was abandoned tor a time. and 
was turned to the etlect of screening practic 
quality. 

lo determine the eflect of filtering 
stream, lest 9 was first made. This test 
Test 2, 
with skim-gate and steel wool as illustrated 
Although Test 9 ¢ 


%) 


pouring times than Test 2, 


the procedure ol except that a ss 
was added to the runner. 
this is account 

the larger volume of metal required to fill 

area, and it does not appear that the screen area » 
duced the rate of metal flow, under steady-s 

lest 9 was repeater til 
A.B.R. of 0.5 It 


evident that the use of the screen area was remarka} 


conditions, appreciably. 
vielding the remarkably low 


effective in improving test panel quality. Whether «J 
screen area acted purely as a filter, or whether it ac 
in some way to reduce turbulence was not determi) 

Further studies of the effectiveness of screen a 
were made in Tests 11 to 14. It is seen from the da; 
on these tests in Table 2, that a screen area with ski 
gate, with or without steel wool was very effectiy: 
giving good panel quality as long as moderate po 
ing rates prevailed. Excessive pouring rates, howe, 
caused poor panel quality in spite of the us. 
screen area in the runner. 

Later, in Tests 19 to 26, a clue was found as | 
the cause of poor panel quality at excessive pow 
rate when a screen area was used in the runne 
this series of tests, the effect of web gating, in pla 
finger gating, and the effect of using three panel \ 
instead of one, were investigated. It was found t! 
with three panel vents and a web-gate into the pan 
good panel quality resulted from the use of a sa 
area even when a very fast pouring rate, obtained | 
five 34-in. x 2-in. slots, were used (Test 23). 1! 
use of this extra panel venting and improved gate 
of particular advantage, however, when a mod 
pouring rate, comparable to that obtained wit! 
114-in. diameter sprue, was used. This indicated that 
when the effectiveness of the screen area broke dow! 
with excessive pouring rates, the cause of the poo 
quality obtained was turbulence beyond the screen 
area, probably within the panel itself; and that suc! 
turbulence beyond the screen area could be corrected 
by improving the gating and venting of the test pane’ 


Use of Tapered Sprue 


In Test 27, the combined effects of reducing asp: 
tion by use of a tapered sprue, and the use of a scree! 


area, with good gating and venting of the panel, wa 


tested. Five repeats of this test gave a very go0¢ 
A.B.R. of 0.5. 

Attention was then returned to the problem 
securing good panel quality without screening by s 
designing the gating system as to minimize turbulent 


In Tests 15 to 18, an attempt was made to eliminate 
by 


lI o-In. 
found 


osition 


turbulent flow in the sprue and in the sprue base 
choking the horizontal runner. In each test 
round sprue with liquid seal was used. It wa 
that the runner could be choked down at a 
close to the well B of Fig. 5 to a semi-circular 





pening 





het 
is pl 
C 
tion 
posit 
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diameter, without reducing the pouring 
this amount of choke was used, an A.B.R. 
ted, representing some improvement ove! 
ybtained with no choke. It was suspected 
ke was effective in preventing turbulence 
arts of the gating system, but that "’spurt- 
etal through the choke in the runne 
rbulence at this point, nullifying any 
in early parts ol the system 
Ae) and 24, atte Mm pts were continued to find 
thod which would give high freedom from 
ibsence otf screening. In these tests, bat- 
ts 3,¢ X 2 in. in cross section, using a liquid 
sted. Test 29 used three such slots, and 
t¢ comparable to that attained with 


\ quite low A.B.R. of 1.5 


en compared with Test 2, is a 


ring Yr. 


llametel spru¢ 
Test 29, wl 
ing demonstration of the effectiveness of 
m-aspirating type sprue to reduce pouring 

Comparing Test 29 with Test 7 or Test 
en that the 3,,-in. thick slots were more 
reducing turbulence than were the 34-in. 
tested. Comparing Test 29 with Test 9 and 
t is indicated that the use of a screen area 
what more effective in giving good panel 
in was the use of the best sprue system 


the absence of a screen area. 


Further Studies of Effect of Gating Design 
on Casting Quality 


studies thus far had established a relationship 
yatine turbulence and the occurrence of 
ws in the test panel at low pouring temperatures. 
urrence of this defect had then been used as 
of the degree of turbulence resulting from 
iting systems which were compared. It was 
now to study the re lationship between gating 
ind the occurrence of skins in the panel frac 
ind to determine under what conditions skins 
rom turbulence and under what conditions 
whe ws occur. It was also desired to determine what 
other variables, such as molding material, mold 
sphere, and composition of the melt, might have 

occurrence of these defects. 
\ccordingely, the tests outlined in Table 3 were 
- mducted. The same basic test casting was used as 
vious tests The significance of the various head 

lable 3 is described as follows: 

( n I: “Test No.” In this column a serial 
\ test, 


term is used here, consisted of the casting of a 


is assigned to each test that was made. 


S( r of test castings under identical conditions. 
( n 2: “Sprue Description.” In this column, 

o sign of the sprue is indicated, as in Table 2. 
( nn 3 In this column it is indi 
hether screen area, with skim-gate and steel 


“Screen area.” 


iS used as pre viously de scribed. 


I n 4: “Liquid seal.” Here it is indicated 

nat a liquid seal was provided at the sprue base, 
ase | S iously described. 

g ( mn 5: “Metal.” In this column, the com posi- 
joune @ tion of the melt is indicated. Variations in melt com- 
s1tior sition are described in more detail in the following 


ening LIS on of the results of these tests. 





Column 6 Pouring | emperatures In this col 
umn it is indicated at what temperature the metal 
was poured 

OF i7n? Sand In this column. it is indicated 
whether the fluoride or th non-tluoride type sand 
Vas used lhese two TV pcs i sand scribd] ! 
detail in Appendix A 

Column § Panel Venting In this column it ts 
indicated whether three l-in. diameter vents were used 
on the pane lend, or wh ther these were omitted 

Column Fracture L ype * Panels were tractured 
to evaluate quality as discussed abov ind as shown 


j 


in Fig. 13. Fractures were classified in tour types as 


{ 


shown in Fig. 14 

Column 1 Fracture Rating.” LIype | and I\ 
fractures were rated as discussed above and pictured 
in Fig. 13 

Column J] No. of Castings.” In this column it 
is indicated how many castings were made with a1 
identical set of conditions, constituting a test 

Ihe results of the tests described in lable » are 


briefly discussed in the ftollowine paragraphs 


Standards 


lest J/. lt was first necessary to establish a standard 
fracture quality with which the quality obtained by 
i Variation in gating could be compared. [he stand 
ird chosen Was thre quality obtained by ating th 


panel in such a wav as to provide numerous Oppo 
tunities for turbulent flow to occur, and taking no 
steps to strain out resulting bubbles o1 skins 1 hie 
procedure was to use a sprue of moderately fast pour 
ing rat l14-in. diameter) which previous studies 
showed to aspiral PASCS No liquid Scal Was provided 
at the base of the sprue, which set up another condi 
tion leading to turbulence I here was also opportun 
ity for turbulent motion in the pouring cup. No 
effort was made to strain out deflects originating from 
these three sources \n amply large runnel and pane 
vate, combined with adequate panel venting insured 
that mixture of mold gases with the metal would not 
occur mm thes parts ol the system Ihe metal used 
was commercial AZ65 melted under crucible typ 
flux, and poured at 1250 F. The sand was the fluoride 
type, of which the composition is given in \ppendix 
\. Frequent reference will be made in the following 
discussion to this standard test. It will be referred to 
as the standard turbulent gating system. Note (Table 
}) that this system produced Type | fractures, and the 
skins were present in quantities which gave an average 
rating of 4.4 

Effect of pouring temperature 


Tests 2 and 22. 


perature on panel quality using the standard turbu 


Io check the effect of pouring tem 


lent gating system, metal was poured at 1500 F and 
at 1200 F into molds similar to those used in Test | 
As at 1250 F, the panels poured at 1500 F gave Type 
I fractures, with an average rating of 4.7, not signih 
cantly different from those of Test | I hose panels 
poured at 1200 F, however, gave distinctly different 
fracture appearance. Open blows containing little 
skin characterized these fractures. This indicated a 
lower reaction rate between the mold gases and the 





GATING DesiGN For CASTING MAGNESIU) 





236 
Tas_e 3—Errect or GATING DesIGN ON FRACTURE QUALITY OF THE Test CASTING 
Pouring Frac- Aver. No. of 
lest Sprue Screen Liquid lemp., Panel ture* Fracture Cast- 
No. Description Area Seal Metal F. San Venting Type Rating** ings Re 
l 114 in. Dia. None None \Z63 1250 F. 3-1 in. D. I 4.4 § (Standard ¢ 
Alloy gating SVst 
2 114 in. Dia. None None 4763 1500 F. 3-1 in. D. I 4.7 3 
Alloy 
3 114 in. Dia. Yes None A763 1250 F. 3-1 in. D. I 0.7 3 
Alloy 
4 114 in. Dia... Yes None 4763 1500 F. 3-1 in. D. I 0.7 4 
Alloy 
5 § slots, 2 in. x 14 in. None Yes 4763 1350 F. 3-1 in. D. I bas 2 
Alloy 
6 § slots, 2 in. x 14 In. None Yes \7Z63 1500 F. 3-1 in. D. I 0.7 3 
Alloy 
7 114 in. Dia. None None AZ63 1250 F. 3-1 in. D I 2.0 2 Screen in | g 
Alloy 
8 144 in. Dia. None None A763 1500 F. 3-1 in. D I at 3 Screen in } g 
Alloy 
9 2 in. Dia. Yes Yes AZo3 1250 F, None Il ee 3 Very severe 
Alloy one panel 
10 2 in. Dia. Yes Yes 4763 1500 F. None II 2 Very sever 
Alloy one panel 
11 I » In, Dia. . None None 4763 1500 F. 3-1 in. D. I 1.0 ) 
Alloy 
12 ls in. Dia. None Yes 4Z63 1500 F. 3-1 in. D. I 1.7 3 
Alloy 
13 114 in. Dia. None None AZ63 1250 F. 3-1 in. D. I 3.0 2 
Alloy 
and Be 
14 114 in. Dia. None None AZ63 1500 F. 3-1 in. D. ] 3.0 I 
and Be 
| 116 in. Dia None None M1 Alloy 1350 F. 3-1 in. D. I 4.5 2 
16 116 in. Dia. None None M1 Alloy 1500 F. 3-1 in. D. I 5.0 2 
17 114 in, Dia. None None AZ63 1250 N.F. 3-1 in. D. Il ' 3 
Alloy 
18 115 in, Dia. None None \Z63 1500 N.F. 3-1 in. D I 4.0 l 
Alloy 
19 144 in, Dia. None None \Z63 1250 KF. 3-1 in. D. ] 4.0 3 Mold _ skin-dried 
Alloy torching 
20 114 in. Dia. None None AZ63 1500 F. 3-1 in. D I 4.7 3 Mold _ skin-dried 
Alloy torching 
21 6 slots, 2 in. x 4 in.... None Yes 4763 1500 N.I 3-1 in. D | 1.0 2 
Alloy 
22 114 in. Dia. None None \Z63 1200 F. 3-1 in. D Ill 5 
Alloy 
23 144 in. Dia. None None AZ63 1200 N.F 3-1 in. D. Il aaa 3 
Alloy 
24 114 in. Dia. None None \Z63 1500 N.F 3-1 in. D. I 4.5 2 Mold baked 12 
Alloy at 300° F. 
25 6 slots, ' in. Yes Yes A763 1500 F. 3-1 in. D. IV 0.0 + 
Alloy 
26 114 in, Dia... None None M1 Alloy 1250 F. 3-1 in. D. Il 3 
27 6 slots, % in... ... None Yes AZ63 1500 F. 3-1 in. D. I 1.0 : Mold gassed w! 
28 16 in. Dia. None None AZ63 1500 F. 3-1 in. D. I 4.0 2 3¢ in. thick panel 
Alloy 
29 14 in. Dia. None None AZ63 1200 F. 3-1 in. D. I 4.0 3 3 in. thick panel 
Alloy 
30 1 in. Dia. ... None None 4Z63 1500 F, 3-1 in, D. I 2.0 3 
Alloy 
31 114 in, Dia... : None None 4Z63 1500 F. 3-1 in. D. I 3.0 3 Cope — 6 in 
Alloy 


* doerage Fracture Rating: 
“0” rating=freedom from skins. 


“1.5” rating = with increasing amounts of skin. 


**Fracture Type: 
Type 1 fracture =Skins, but no blows. 
Type II fracture= Both blows and skins. 
Type III fracture = Blows, but no skins. 
Type IV fracture =Clean, neither blows nor skins. 
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lower metal te mperature. Gases ¢ ntrained 
,1 appeared not to react, but rather to r¢ 





ibbles in the metal, appearing in the frac 


VS 


neé? pra [ice 


nd 4. These tests showed the etlectiveness 
area, with skim-gate and steel wool, in the 
preventing the defects which occur when 
rd turbulent gating system was used. Pres 
screen and steel wool in the runner was 
iriation in these tests from the procedures 
and 2. Skin ratings were reduced from 
in 4.0 to less than 1.0. 
nd 8. In these tests, the standard turbulent 
stem, as well as the metal and mold treat- 
Tests 1 and 2 was reproduced, with the ex 
iat a screen “basket” containing steel wool 


in Fig. 15) was placed in the pouring cup. 


REBEL ORE AEP ERASE 





BASIN WITH 
SCREEN AND 


BASIN AS 
NORMALLY 
USED 






TEEL WOOL 





\—Photographs showing pouring basin use, with 
and without a screen basket. 


or fractures of Type 1 resulted. ‘The ineffectiveness 
strainer at this point showed that many reaction- 
xiuct skins form in the gating, and are not merely 
over from the melt. Strainers are effective only 
ibsence of further sources of gas-metal mixture 
n the strainer and the casting. This point is 

r demonstrated in the following tests. 

Y and 10. In these tests a very fast pouring 
vith a 2-in. diameter sprue) was used in con 
ym with a screen and steel wool in the runner 

ind inadequate panel venting. The same tempera- 
ind molding sand were used as in Tests 1, 2, 3, 
It is seen that with these high pouring rates, 





highly defective panels are possible even with good 
strainer practice in the runner. It is interesting that 
'ype Il tractures were obtained. Blows were preva 
lent, although at similar pouring temperatures, only 
skins had been previously seen. It is concluded that 
these blows must have had a source which occurred 
after the metal passed through the strainer. Mold 
gases were unable to leave the panel cavity fast enough 
for the metal to enter without admixture. Due to 
rapid freezing in the panel and the low metal temper 
ature at the time this mixture occurred, the mold 
gases did not react with the metal to be converted 
completely to skins 

It is readily seen that a set of conditions such as 
were set up in these tests could result in blows in a 
commercial casting despite careful screening practice 


and ol sprue de sien. 


Effect of Reducing Metal Turbulence 


Tests 5 and 6. While the above tests showed that 
the effect of turbulence in causing skins can be largely 
corrected by careful screening practice, it was not 
known whether the screens exerted their beneficial 
effect by a filtering action or by preventing the re 
sponsible turbulence from occurring. In Tests 5 and 
6, a non-aspirating sprue was employed, with a liquid 
seal provided at its base. ‘Thus two important sources 
of gas-metal mixture were minimized. In addition, the 
sprue used has a pouring rate of 40 per cent lower 
than that of the standard 114-in. diameter sprue, 
which further insured reduced turbulence. No strainer 
was used in the runner o1 pouring cup. Fluoride type 
sand was used as in previous tests Good fracture 
quality resulted, about the same as, or slightly poorer 
than, that attained with the use of the standard turbu- 
lent gating system used in conjunction with screen 
area and steel wool. This improveme nt over standard 
turbulent gating system practice is attributed to re 


duced turbulence in the sprue and sprue-bas« 


Effect of Pouring Rate 


Test 30. In this test, the standard turbulent gating 
system was used, having a pouring rate approximately 
equal to that used in Tests 5 and 6. Quality was 
much better than that obtained with a 114-in. diam 
eter sprue, but not as good as that obtained using the 
slot sprue of like pouring rate with a liquid seal 

Tests 11 and 12. In these tests, a very low pouring 
rate was obtained by using a small (14-in. diameter) 
sprue. Although in Test 11, no liquid seal was pro- 
vided at the sprue base, allowing opportunity for 
turbulence, fracture quality was good. This again 
exemplified the often observed fact that low pouring 
rates are conducive to good freedom from blows and 
skins. It is not clear whether this can be attributed 
wholly to reduced turbulence at lower pouring rates, 
or whether the effect may be partly explained by the 
fact that more time is provided for skins and bubbles 
to settle out of the metal stream before the metal 


enters the casting cavity. 
Effect of Mold Materials and Mold Atmospheres 


Tests 17, 18, and 23. In Tests 1, 2, and 22 above 
described, the fracture quality of panels poured at 
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1200 F, 
standard turbulent gating system and the fluoride type 


1250 F, and 1500 F was compared using the 


sand and described in Appendix A. In Tests 17, 18, 
and 23, a similar comparison was made using the 
non-fluoride type sand, also described in \ppendix A 
Ihe tollowing tabulation summarizes those com 


pal ISOns: 





Type of Sand Pouring Temperatures 


1200 I 1250] 1500} 
Non-Fluoride Sand Blows slows and Skins Skins 
Fluoride Sand Blows Skins Skins 





Thus at a metal temperature of 1200 F, the mold 
gases generated in either sand are unreactive or only 
slowly reactive with the metal; the gases theretore 
appear in the fracture as empty cavities. At a metal 
temperature of 1500 F, the mold gases react rapidly 
with the metal to form skins in both sands. Only at 
intermediate temperature (in the case of this particu- 
lar casting, at 1250 F) is a difference in reaction rate 
of the metal with the mold gases of the two sands seen. 
In the fluoride sand, the mold gases react rapidly 
with the metal to form skins, giving a Type I fracture. 
In the non-fluoride sand, the nretal gases react only 
partially with the metal to give a mixture of skins and 
blows in the panel—a Type II fracture. This slight 
difference in behavior of the metal in contact with 
the mold atmospheres developed by the two sands 
does not suggest any particular advantage of one type 
over the other. 

Tests 19 and 20. In these tests, the standard tw 
bulent gating system of Tests 1 and 2 was used. 
Fluoride sand was used, but the molds were thor- 
oughly skin-dried by torchinge before closing. If the 
reaction by which skins are formed is associated with 
moisture content of the mold atmosphere, one might 
expect this relation to be reflected in a lower skin 
rating for the panels poured into skin-dried molds. 
No reduction in skin rating nor change in fracture 
type was associated with this change in mold prepara- 
tion, however. 

Test 24. The standard turbulent gating system, 
non-fluoride sand, and a 1500 F pouring temperature 
were used. It was attempted to dry these molds effec- 
tively by baking 12 hr at 300 F, to reduce moisture 
content of the mold atmosphere. The molds were still 
steaming when removed from the oven, and it is not 
clear how effectively mold-atmosphere water-content 
Ihe fracture quality ratings indicate 
no improvement associated with this mold treatment. 

Test 27. In this test, a fluoride sand mold was 


was reduced. 


flushed with SO, before pour-off, as a variation of 
mold-atmosphere. The purpose was to determine, if 
possible, whether high SO, content affects the tend 
encv toward the formation of skins in the casting. 
Turbulence was kept to a minimum by using a slot 
sprue and a liquid seal, but no screen area was used 
in the runner. A pouring temperature of 1500 F was 
chosen. Comparing results with those of Tests 5 and 
6, no appreciable effect of the SO, on fracture quality 


is seen. 





GATING DesiGN For CAstinGc MAGNes) 


( omparison of various gating technique 5 

\n attempt was made to evaluate the rr 
tiveness of attempts to control skin format 
reducing turbulence, (b) screening, and (« 
turbulence plus screening. 

Tests 3 and 4. These tests were descr} 
Ihe methods of Tests 3 and 4+ are consider 
late those of toundries which rely on sk 
secure freedom from skins and blows 

Fest 21. In this test, a non-aspirating 
was used in conjunction with good sprue-b 
liquid seal) to minimize turbulence. The 
ide sand was used, without screen or steel 
runner. ‘his test was an attempt to sin 
practice of foundries said to rely solely 
eating desion to control detects due to 1 
Comparison of the fracture results from |i 
t and Test 21 shows that the two systems gay p ' 
imately equivalent quality. 

Fest 25. In this test, a non-aspirating 0 











was used in conjunction with good sprue base d 
and with a skim-gate in the runner. Of four pa 
cast by this method, all were visually perfect fract 
quality. This indicated a slight advantage of the ; 
aspirating type sprue even when a skim-gate was us 
Previous tests had indicated that the sprue desig , 
had no significant effect on blows, as lone as a sk 
gate was used. 
Effect of Melt Composition 

Tests 13 and 14. In these tests, the value of additi 
of bervllium to AZ63 alloy in reducing skin formati: 
was investigated. The standard turbulent gating sys 
tem was used with fluoride sand and pouring temper 
tures of 1250 F and 1500 F. Comparing results \ 
Tests | and 2, one sees a significant but not outstan 
ing reduction in average skin rating. Fractures w 
of Type I at both pouring temperatures. 

Tests 15 and 16. In these tests, the tendency toy 
skin formation of M1 allov was tested. The standar 
turbulent gating system was used. Results were cor 
parable to those obtained when AZ65 alloy ; 
poured into similar molds. ss 

Test 26. In this test M1 alloy was poured at 1250 | 
into the standard turbulent gating system in fluord 
sand. Whereas AZ63 alloy under these conditions by 
gives a Type I fracture containing only skins, the M! 
alloy showed very numerous blows and a little reactio! 
product skin, Type II fractures. The comparison 
the behavior of MI and AZ63 alloys cast at various 
pouring temperatures with the standard turbul 
gating system in fluoride sand is summarized as follo 

Alloy Pouring Temperature 

1200 F 1250 F 1350 F 0 I 

\765 Blows Skins 

Mi Blows and Skins Skins . 
Effect of casting wall thickness 

Tests 28 and 29, All previous panels had 
\4-in. thickness; in these tests, thus thickness was ! ( 


creased to 34 in. The standard turbulent gating 
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d, with pouring temperatures of 1200 ] of this paper was directed toward answering this 


\t both pouring temperatures, Type I question 






obtained with skin ratings of “3” and 





Effect of Gating Turbulence on Tenden 


in panel, blows would have occurred at =) 


Toward Micro-Poros 





pouring temperature, but only skins were 







this thicker panel. This is probably ac It is evident that when liquid magnesium alloys are 
by the longer time of solidification of the allowed to come into admixture through turbulence 
illowing time for the gas to react with the with mold gases, reactions occur which lead to th 
the formation of skins formation of non-metallic skins and films. Such non 





metallics may form through various reactions—through 









Height the reaction of magnesium with free oxvgen or with 

In this test, Lest 2 was duplicated except free nitrogen, for example. When metal is poured 

ype depth was reduced from 12 in, to 6 in into a green sand mold, much water vapor is formed 

, the standard turbulent gating system was through the vaporization of the tempering moisturé 

| fractures were obtained; skin ratings Thus it would seem reasonable that considerable re 

all panels, representing a moderate reduc action between magnesium and water vapor might 

kin formation occur, if the metal is mixed intimately with the mold 
studies thus provided a reasonably clear un gases. [his reaction might be expressed 





of the effects of turbulence in producing 





Me H.O — MgO H. 






blows, and the re lationship between various 









if eating design and the degree of turbulence Thus such a reaction would release nascent hydro 
ts. The question was asked as to whether gen in intimate contact with the liquid alloy. Another 
foundry defects, such as microporosity effect of such a reaction might be to form quantities 
vere aggravated by turbulence in the gat of MeO in a fine state of distribution throughout the 
work described in the following section metal 

















TURBULENCE ON Porosity TENDENCY OF THE WEDGE PANFEI 





{—EFFECT OF GATING 





LABLI 













Description of Gating Inches of Porosity 






Liquid Test Contr Contro 
Spruce Screen Sea Chlorination Wedg 











A 


Low-turbulence gating systems 


Yes 15 min.* 0 



















g Yes Yes 15 min, 8 

2 in. x Min. Yes Yes 15 mi U 

Din ww IC in. Yes Yes 15 min. 0 

4 Yes Ni 15 min. 0 

, In. Yes Ne 15 mi Uv 

g in, Yes Yes 15 min. } 

g In, Yes Yes 15 mu 74 

g In, Yes Yes 15 mi 6! 0 0 
2? in. x 4 tn. Yes Yes 15 min 0 0 0 
2 in. x 3% 1n. ; Yes Yes 15 min. VU U U 
2 in. x 3% in. Yes Yes 15 min. 8! 0 0 
2 in, x ¥% in. Yes Yes 15 min 0 0 0 
2 in. x 3% in, Yes Yes 15 min. 0 0 0 
2 in, x %@ in. Yes Yes 15 mu 0 0 0 
+ slots (2 in. x 44 1n. Yes Yes 15 min. 0 0 0 






Yes 










B. High-turbulence gating systems 


. 7 None None 

.D a. None None l 
Dia Yes None 15 
Yes None 15 




















. Yes None ° 
D Yes None 15 min, 4 0 0 











Dia. Yes None 5°, 8 0 0 
Dia Yes None 57°" 7 2 0 0) 
D . Yes None 5c 6! 2 0) ‘) 
Dia. Yes None / 0 0 0 
Dia... Yes None by) Some 0 0 
Perosity 
a. : Yes None 5c, 6 0 0 
Na. aoe None Yes by/ 2 0 0 
na Jace None Yes yy jl, 0 0 
Na : ° None Yes $9, 0 0 0 






gas was bubbled rapidly through the melt for 15 min. at 1400°F. This was equivalent to about 3% Cl by weight. 
was bubbled through the melt at 1400°F. from a weighed cylinder, until 59% Cl, by weight had been used. 
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It was our purpose to determine whether turbulence 
such as might occur in the pouring of a poorly gated 
mold might result in the formation of sufficient 
nascent hydrogen to gas the melt by its solution, and 
consequently to increase the porosity tendency of the 
metal, 

Previous experience (as previously described) had 
established known means of varying the degree ol 
turbulence in the gating of the test casting pictured 
in Fig. 5. In earlier tests a 6-in, x 10-in x 14-1n. panel 
had been attached to the runner of this casting to 
sample the metal stream in such a way as to detect 
blows and skins. It was now desired to sample the 
metal stream in such a way as to evaluate its porosity 
tendency. 

Busk, Marande, and Newhams? have described a 
porosity test casting by means of which they evaluated 
the relative porosity tendencies associated with various 
melt preparatory techniques. It was decided to attach 
this wedge panel, with its riser, to the runner of out 
test casting as a sample of the metal stream. The gate 
into the riser of the wedge panel was made to have the 
same dimensions as in the wedge panel casting de- 
scribed by the authors referred to. It was proposed 
to use the radiographic quality of this panel as a 
measure of the porosity tendency of the metal stream. 

Into molds of this type was poured metal which had 
been degassed by thorough chlorination, at a pouring 
temperature of 1500 F. Gating variations were made 
as indicated in Table 4 to vary the degree of turbu- 
lence. The resulting radiographic quality of the at- 
tached wedge panel was measured and recorded. With 
each casting of this kind, two wedge panel molds (as 
described in the papert above referred to) were 
poured, as a check on the initial quality of the metal 
poured. Table 4 summarizes the results of these tests. 
It is seen that the “low-turbulence” gating systems 
gave a much higher proportion of sound panels than 
did the high turbulence systems, although unaccount- 
able amounts of porosity are found in panels from 
both groups. It is noted that the control panels always 
gave a rediographically sound wedge, indicating that 
variations in the quality of the test wedges were not 
due to variations in gas content of the melts. 

These preliminary indications that turbulence may 
affect the porosity tendency of the metal were con- 
firmed in tests to be described in the following section 
of this paper. 


Application of Various Gating Systems To a 
Commercial Casting 


It was desired to determine what commercial signifi- 
cance the principles of gating derived from our studies 
with a test casting might have. To evaluate these 
principles, it was decided to pour a commercial cast 
ing, varying the degree of turbulence in the gating in 
accordance with the principles evolved in earlier work. 
It is probable that thin-walled magnesium castings are 
more sensitive to defects caused by gating turbulence 
than are heavy-walled castings. Accordingly, an oil 
pan (Fig. 16) was chosen for study. This casting is 
typical of a wide range of thin-walled castings, for 
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which the properties of magnesium alloys 
particularly well suited. 
The experimental procedure used was 
various gating systems to this pan casting 
graph the resulting castings, and then to fra 
and examine the fractures for skins. It 
saved to relate the occurrence of blows a; 
to the degree of turbulence permitted in 
just as had been done before with the test ¢ 
\ttempts to relate the occurrence of b! 
cating method used were unsuccessful. T} 
for this lack of success were several: It wa 
to pour at relatively high temperatures to 
runs. This favored the complete reaction ol 
mold gases to form skins, which were radiog 
visible or invisible depending on their densit 
were occasional radiographically visible blo 
had the sharp, circular appearance of blo) 
other causes than gating turbulence (see foot 
page 6). Also, occasional surface pits on the cas 
ings produced irregularly shaped dense spots on t! 
radiographs, indistinguishable from those caused 
skins or blows. Under these circumstances. jt 
not possible to assign a meaningful “blow-rating” 
the castings, and hence blows off the green sand cou 
not be related to gating practice for this casting. Thi 
was not interpreted as evidence that gating turbulen 
is unlikely to cause blows in commercial castings. A 
less well-vented casting of other design might be ver 
sensitive to gating variations. 


Skin Ratings by Fracturing 


Attempts to relate skins in the casting fractures to 
gating turbulence were more successful. Skin ratings 
were obtained by fracturing the pan into approxi- 
mately 20 pieces of equal size, and examining all frac. 
tures for skins. The total number of agglomerates 
of skin found in the fractures of a given pan was 
divided by the number of pieces examined, and this 
quotient was multiplied by 100 to give the skin rating 
for the pan. A rating of about “5” thus represented 
a pan of very clean fracture quality, since such a 
rating indicated that only one agglomerate of skin 
could be found in the fractures of the approximately 
20 pieces examined. 

In Table 5, it is seen that the relationship between 
skins and gating design discovered in earlier work 


TABLE 5—EFFect OF GATING DESIGN ON FRACTURE 
QUALITY OF THE O1L PAN CASTING 





Average No. 
Test Liquid Chlori- Skin of 
No. Sprue Description Screen Seal nation Rating Castings 


] 2 in. Dia. TREEELETe LE Yes No No 6 5 
2 2in. Dia. ee sah scm ci, SO No No 85.0 Z 
3 6 slots (2 in. x 3% in.)... No No No 40 2 
4 6 slots (2 in. x 3% in.)... No Yes No 12 5 
5 6 slots (2 in. x 3% in.)... Yes Yes No 13 J 
6 13 in. Dia. ee No No 90 5 
7 13% in. Dia. eoecece Yes No No 2 2 
B. 196 Wis Bien kc cccsices NO No 5% 36 5 
9 13¢in. Dia............ Yes No 5% 2 4 
10 6 slots (2 in. x % in.)... No Yes 5% 7 ? 
11 6 slots (2 in. x 3% in.)... Yes Yes 5% 2 4 
—— 
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TABLE 7—Errect oF GATING DESIGN ON POROSITY IN THE OIL PAN 
“+ a, 
Systen Liquid Screen Chlori- Poros 
Ni Sp Sea Arca nation Rat 
II 146 in. Dia None None 5%, 8 
1\ Dia Nor Yes 79 
VII 6 sk d f Y Nor 5 ? 
Hh» \ 
fy 
- 
Z- « 5 (2? xX 4 Yes Yes 5°, $7 


* Rating system similar to that used in Table 6, but derived from a different group of castings and hence leads to different abs 





screen area was used, regardless of the sprue type, 
when the metal was chlorinated. In ‘Table 7, the 
results of more intensive studies of various sprue sys 
tems confirm the trends established in ‘Table 6. 


Discussion 


three common foundry defects have been seen to 
be affected by the degree of turbulence permitted in 
the gating of magnesium-alloy castings, namely; blows, 
skins, and microporosity. While it is known that 
factors other than gating turbulence may also effect 
the occurrence of green sand blows, it is clear that 
such blows may result from the admixture of the metal 
with mold gases as the casting is poured—either due 
to turbulence in the gating, or to turbulence in the 
casting cavity itself. Skins in the casting result from 
similar sources. Whether blows or skins will result 
from a given admixture of metal with mold gases 
seems to depend on the extent to which the entrapped 
mold gases react with the metal. The degree of re- 
action will in turn be dependent upon the tempera 
ture of the metal-gas mixture, and upon the length of 
time during which the metal and mold gases are in 
intimate admixture at high temperatures. 

In the above paragraphs, the relationship between 
gating design and gating turbulence has been traced 
in considerable detail. It was shown that significant 
reduction in the occurrence of blows and skins in test 
castings accompanied a reduction in the degree of 
turbulence permitted in the gating of the casting. It 
was seen that turbulence could be reduced in a num- 
ber of ways, such as by reducing the pouring rate or 
by using “non-aspirating” sprues. It was shown that 
an even more effective way of reducing the occurrence 
of skins and blows in the casting was the use of a 
skim-gate, with steel wool, in the runner. As long as 
our observations were limited to the study of biows 
and skins, it was indeterminate whether the effect of 
such screen areas was merely one of filtering out ag- 
glomerates of gas and oxide from the metal stream, or 
whether the function of the screen area was one of 
preventing the formation of such inclusions. Not until 


attention was given to the third detect—micropo 
was any light thrown on this subject. 

In studying the effect of gating design on 
porosity, it was again established that the occur 0 
of the detect could be reduced by reducing 
turbulence. And again it was found that an 
more potent way of controlling the defect was th 
of a skim-gate in the runner. 

It is easy to visualize a skim-gate with steel 
acting effectively as a filter for the removal fron 
metal stream of gas bubbles and the large agglomerat 
of reaction-products which appear in castings as skins ng 
It is less easy to see how such skim-gates could act | faut 
filter out any material, such as a dissolved gas, w! 





would increase the tendency of the metal towar | 
micro-porosity. It is the belief of the authors that t 


} \am 


function of a screen area in the runner of a mag 





nesium alloy casting is not merely one of filtering 
oxides and gas bubbles out of the metal stream. | 
believed rather that a properly designed screen area 
serves actually to reduce the formation of such in¢ 
sions in earlier parts of the gating system. It is b 
lieved that the mechanism of this effect is as follows 
Ihe screen area, even when amply proportioned so a #RS' 
not to retard the pouring rate of the casting, offers 
just sufficient resistance to metal flow to keep all el 
ments of the gating system prior to the screen area 
full of metal. The metal is caused to exert a slight = 
positive pressure on the mold walls surrounding th 
sprue and runner in all parts of the gating up to th 
screen area. This prevents aspiration of gases an¢ 
other sources of metal-gas admixture. By this means 
the reaction of the metal with mold gases, with result: 
ing liberation and solution of hydrogen gas, is limited 
and by this means does the use of a screen area reduce 
the tendency of the metal toward micro-porosity. 

The authors have seen other evidence that a screen 
area acts in this *way, in the study of meta! flow in 
partial molds. For the purposes of flow study, arrangt 
ments were made to pour metal into a mold « nsisting 
only of a pouring basin, sprue, runner, screen area p 
and gates, the upper portions of the me being 
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pouring of this mold, it was observed 

flowed along the runner until it came 
il screen area; then, instead of flowing 
screen at once, the metal built up behind 
ntil it eventually flowed over it. Had 
mold section covering the runner, the 
eventually have been torced to flow 
screen, but not until sufhcient hydro 
id been built up behind it. Only on this 
effect of a screen area in reducing th 


dency of the metal been successtully 








tset of this work, the value of the use ol 
a in the runner in making magnesium 
s was questioned. It was a purpose ol 
valuate the relative merits of such screen 
ipared with gating systems designed to pi 
nee The results here presented would 
be a complete confirmation of the value of 
ing systems. For repeatedly, screening has 
to be the most effective means of eliminat 
ind blows, and it is indicated strongly that 
s the most effective way of reducing gating 
On the basis of the present work, it would 
screen areas—with a skim gate and steel 
uuld be used whenever maximum freedom 
ns and blows is desired, and that when such 
ire used, little further advantage is to be 


t refinements in the design of the spruc 

( owever, must be taken to avoid intermixture 

metal with mold gases after it has passed 

the screen. Hence the screen area should if 

SSI he at the level of the lowest part of the cast 

cavity. Care must also be exerted that the filling 

ol the casting cavity 1s not too fast in re lation to 
nting Capacity. 


conceivable that cases might arise in which the 


s 


of a screen area would be disadvantageous. Fon 
vample, if extremely close control of the iron content 
C iii tal were de sired, the presence ol steel in the 
melt material would be objectionable. In such cases, 
iting principles described above might serve as 
ide whereby adequate freedom from turbulence in 
he gating could be attained without the use of screen 
is. [These principles, too, would be applicable in 
general to alloys other than magnesium-base alloys, 


wherein the use of skim-gates might be out-ruled. 


Fig S—Section of a slot sprue from a casting poured 
Ik. Nete indications of inter-mixture of metal 


with Cases. 





means 
re sult 
mited 
reduce 


screen 
ow ID 
range 
sisting 
area 
being 









In this regard, a possible pit-la ise ot ch 
slot sprue ts to be pointed out Relerring to Fig. 13 
it 18 e€asv to visualize the ve ntinge problem in the core 

' 
material at point B, when metal is flowing through 
channels \ and ( \r hich meta t npcratures, thre 
authors have observed evidence ft the passage of 
evolved vases Into thre metal sti il nm using such 
; Ficeu 18 shor , P : 
sprues wure sho Sa section o slo sprue is 
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SECTION X-xX 


Fie. 17—Sketch of a slot sprue composed of 






core sand 
































it appeared alter solidification, from a casting poured 
at 1600 F. Another effect of such gas evolution was 
a retardation of flow rate at high metal temperature. 
It is to be expected that gas evolution of this sort 


would lead to the tormation of skins in the casting 
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APPENDIX A 
DESCRIPTION OF THE FLUORIDE AND NON-FLUORIDI 
SANDS USED 





Material Fluoride Sand Non-fluoride Sand 
Base Sand Bank Sand. 60 to 65 FN Same 

Inhibitor { Dow +190 Agent 2.0 H.BO.-, 1.5% § 
Binder 9 to 4.0 W. Bentonit« 0 W. Bentonite 
Glycol 1.0 to 1.25 ! 

Moisture 0 to 2.5 H.O 2.0 to 2.5 HO 





APPENDIX B 
\lerHop OF ASSIGNING Porosity RATINGS TO 
PAN CASTINGS OF TABLE 6 
All pan castings were radiographed. lL hree 15-1n. 
x 17-in. films were required tor each pan casting. 
I hese three films were termed the “sprue-end”’, “fat 


end” o1 
tion of the casting radiographed in relation to the 


“middle” radiographs, depending on the por 


sprue position. 
All films for the group of nine pans listed in ‘Table 
6 were arranged serially in order of increasing porosity 
as follows: 
| IX Middle I +t. If Sprue-end 
2 It Middl 15. VI Middle 


. IX Sprue-end 16. VII Far-end 
t. VIIL Middle 17. Il Far-end 
5 IV Middle 18. V Sprue-end 


6. VIL Middl 19. [ Sprue-end 
7 I Middle 20. I Far-end 
8 IV Sprue-end ZI. IX Far-end 


q, V Middle 22. III Far-end 


10 V Far-end 23. VI Far-end 


1] IV Far-end 24. IIL Sprue-end 

12. Il Middl 25. VIIL Far-end 

13. VIL Sprue-end 26. VIIL Sprue-end 
2a VI Sprue-end 


Each film was then assigned its serial number as a 


rating; these “film ratings” were treated as follows: 


Order of Order of Order of 
“Middles”’ ‘Sprue Ends” “Far-Ends” 
;. IX 3. IX 10. V 
2 II] lV 11. IV 
t. VIII 13. VII 16. VII 
9, IV 14. I] ai. II 
6. VII 18. V 20. I 
A I 19. I 21. IX 
Q, V 24, lil ae. Sas 
12. Il 26. VIII 23. VI 
15. VI 21. Vil 25. VIII 





zB 


61 152 177 








GATING DesIGN For CASTING MAGNEs 


Lhe porosity rating ol a pan was then 
sum of the ratings of its middle, far-end 
end films. The “middle” film ratings we; 
three times as heavily as the “‘sprue-end” 
ratings, since the sum of all “‘middle’” 
only about one-third the sum of the 
sprue-end” ratings. Pan ratings for the 


tems were, therefore, as follows: 


| Rating (7) + 19 20 at 
II. Rating (12) 14 17 
II] Rating ) Zz) + 24 22 5? 


DISCUSSION 


Brown, Magnesium Fabricate 
\luminum and Brass Corp., Adrian, Mich 
Co-Chairma \ i Ruprer, Bendix Produc 


\viation Corp., South Bend, Ind 


Chairmar I 


RICHARD ALLCHIN In this investigation d 
ssume they had very litthe back pressure on 

Mir. kitiors We did make the assumptic 
unner cross-section is large enough, the flow ra 
by the sprue. Under these conditions, it was furt 
that the greatest problem In getting away tre 
would be in carrying the metal from the top of th 
to the horizontal runner via the down sprue, and 
’ 


e a much less difficult problem to carry the 1 


horizontal runner around to the various gates inte 


without turbulence. Since the horizontal runne: 
at the level of the lowest part of the casting cavity 
be no further drop of metal after it left the sp ( 
ould help quiet the flow in its upward flow int 
Cavity 

RayMonp Batt:? Tf the authors used a_ recta 


instead of a round sprue would they eliminat 
metal turbulence? 

Mr. Fito Only if the rectangular-shape 
lected were quite thin, say one-half inch or less 


If a 1 %-in. diameter sprue were replaced by 


sprue giving the same cross-sectional area, simi 
effects would result in both cases However, if 
four sprues were used, each about 2 x '%4 in 
cross-sectional area then you would have a syst 


would permit a greatly reduced amount of asp 
Dr. BLAKE LORING I have an observation, not 


with magnesium but with some of the coppet 


which would lend support to the authors’ conclusi \ 
years ago R. G. Hardy did some experimental w 
Naval Research Laboratory [See “Conditions of Fl B 
Castings by | I Robertson and R. G. Hard ly 
riOns, A.F.A., vol. 54, p. 732 (1946 in which he 
to find a suitable means tor choking off the 
the sprue, to choke the metal off and to suitab 
metal into the casting At that time he found tl 
very distinct aspirating action, so much so that 
metal flow out from the sprue with no casting 
metal, which was a bronze, came out in bursts. It 
for a lone time as to the exact magnitude of tl 
action. We are glad that this has been quantitative 
Co-CHAIRMAN Rupp Why, contrary to genera! 
practice, was the test casting gated off the top ol 
Mr. Fitiom In answer to that question, I h 


it is not uncommon to gate magnesium alloys 
We could have avoided doing so had we chosen, 
pose in doing it was so that the first metal that 


} 


the casting would not flow into the test panel 
would flow into the well at the far end of the hor 
ner, and in that way, not until we got steady 

flow, set up in the system, would we actually tak« 








that is, would the test casting actually fill 





1 Thompson Products, Inc., Cleveland 


2 Ball Brass Co Tacoma, Wash 
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metal to mold 


| to torm a 


tne screen spreads oul 
enter portion of the reen passes 
noticed metal rising up through a 


etal will con 


eh the 


does channel Lhe 


throu whole 


not uniformly 


that all this 


unlikely 


metal 


is very 
ther words does not flow 


throughout the pour. In 


holes in the screen 


t is one of the 
screen in the 
bubbles that 


features that contributes to the 


runne! \ 


alread, 


vertical horizontal 


Iters out skins and 
tends to hold the 
It tends, in othe: 
though the 


fi nave 
t irbulence, but it metal back 
tem up to that point 


words. 


system: even 


in the running 
just enough 


proportioned, it will offe1 
the metal in the 
I think that the 
oxide and 
defects in prior 


ction 
restric 
thus 


sprue, and 


to support 
effects 


screen area 


ispiration 
is a filter to strain out bubbles, but 
formation of those parts 


nt the 


screen 


went throu 


metal passed thro 


the Start ot passage 
type ot flow at screens pert 


CHAIRMAN BROWN Did 


that a 


gates and end 


Mr. ELuor 


propo! 
be 


tigation certain 


gates had t 
Wi did not 


CHAIRMAN BROWN Were 


aspirating ases: 
Mr. ELiion 

about the 
in relation to any 
that turbulence 
little 


Yes. In the 
worry yield of the 
sprue 


etlect 


laree 
we felt 


I significance in re 


ve ot 


down spru¢ 


nanent mo 


r iuthors 
tion betwee 
maintained 


actually make 


you concermed 
that we used we did not 


We made the 


were kone 


system 
casting runner s 
that we to test that 


the horizontal runner would 


the 


S$ in 


lation to those occurring in 











OX YGEN-ENRICHED CUPOLA BLASTS 


Ww. ¢ 


{1BSTRACT 


successfu 


Use f ‘ en-enriched cupota blasts has proven 
for increasing melting rates and tapping temperatures with a 
iven coke ratio and blast volume. Melting rates have been in- 


creased as much as 40 per cent by adding approximatel) 14 per 


cent oxygen to the blast. Melting and tapping temperature has 


been raised from 25 to 150 F by manipulating the. oxygen addi 


tion and total blast volume. Savings in coke with no sacrifice 


in operating condiltons are available by the use of oxygen enrich 


Most 


usefu to overcome 


ment. important of all, oxygen 1s 

bridging and cold metal conditions and often can be used to 

save a heat from freezing in the furnace rather than resorting 

to droppi g the bottom Oxygen enrichment can be used as a 

control tool t regulate me ting rate and flapping temperature 
FOR THE PAST FEW YEARS the steel industry in 


cooperation with several oxygen producing companies 
has been investigating the possibility of using com- 
mercial oxygen to facilitate melt down and quality 
control in steel making processes. These experiments 
apparently are showing encouraging results in the 
form of increased production capacity by faster melt 
ing time and more rapid chemical refining. 

New and diversified applications for commercial 
oxygen in large volume are rapidly coming into ex 
istence. One of these new applications is in conjunc 
son with cupola operation in the foundry industry. 
A number of scattered verbal reports on the use of 
high purity commercial oxygen as an addition to the 
cupola blast air have been heard, and brief mention 
of it has been made in trade publications. 

Realizing the importance of the subject, a research 
project was initiated to determine the advantages o1 
disadvantages that from using 
oxygen-enriched air blasts in the cupola, and to ob 


would be obtained 


tain experimental data which would be presented to 


the foundry industry as an indication of the results 


that could be expected in commercial operations. In 
order to obtain such data, a number of heats had to 
be made with as many constant conditions as possible, 
using the oxygen content of the air blast and the coke 
ratio as the controllable variables. 
Che following presentation is offered as a progress 
° Armour Research Foundation, 


Associate Metallurgist, 


Chicago 


By 


» Wick * 


report of the work completed on the use of oxvg: 
enriched cupola blasts. A number of results are ind 
undoubtedly will be 


cated, all of which 


some degree of change when applied to larger sca 


subject 


operation. 

Equipment used in the experiments consisted 
commercially available items of standard types 
design. Figure | shows the cupola in operation 
ping an oxygen-enriched blast heat. Because of 
nature of the work, a large volume of oxygen 
the proposed program) was required to be avai 
for instant use. Figure 2 shows a small oxygen 
erating plant which was made available for this 
project. This oxygen 
capacity of 1000 free cu ft per hr of high purity ox 
\ bank of eight hydrotubes with a total capa 


equivalent to 32,000 free cu ft was used as a sour 


search generator has a 


gen. 


oxygen supply for the experimental cupola heats 


The flow of oxygen from the hydrotubes to 
cupola air blast line was controlled through a press 
reducing station. The volume of oxygen added 


the blast was measured by an orifice and manor 


system. The blast and oxygen lines and control equ 


ment used in the project are shown in Fig 
Fig. 1—Tapping cupola. Oxygen-enriched blast 
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ments 
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howe 
could 
shorts 

Cok 
4in. « 
ing 


per 


nerating plant used in thts project 


type cupola, lined to 19 in. inside 

r, with a skip hoist charging unit was used in 
experiments. The air blast entering the cupola 
is controlled by an air weight control assembly which 
ted independently from the oxygen pressure re 


CTa l 
station. In order to obtain a thorough mix- 
the high purity oxygen addition with the au 
1 3-in. diameter oxygen line was connected to 
10-in. diameter blast line downstream from the 
ontrol assembly and at right angles to the an 
blast line. So far as could be determined by gas 
analysis made of samples taken at the wind box, the 
blast air and oxygen were thoroughly mixed before 
entering the tuyeres 
Consistency and repetition of a number of pro 
from one heat to the other was highly de 
sirable to eliminate as many variable conditions as 


possible from the tests 


Cupola Operation 

Charging practices were standardized for all heats 
[wo hundred-pound metal charges consisting of 50 
per cent pig iron, 40 per cent iron foundry returns 
and 10 per cent steel flashings were used. When a 
chanve in iron to coke ratio was made, the quantity 
of coke was varied. This represented the smallest 
change in stock conditions and metal weight adjust 
ments. Raw materials for the experiments were ob 
tained from the same source for all the experiments; 
however, slight variations in coke and metal quality 
could not be avoided because of present day material 
short ives 

Coke for these heats was sized to range from 2 to 


4-in. diameter pieces. Limestone was used as the flux- 
ing material in all but two heats and constituted 32 
per cent by weight of the coke charge. The air blast 


was drawn from inside the foundry which maintained 


a substantially constant temperature range The oxy 


gen used was of 99.5 to 99.6 per cent purity and free 
ot moisture lemperature measurements were made 
inside the cupola with a radiamatic pyrometer sighted 
into a closed-end ceramic tube immersed in the cupola 
well. Optical pyromete! temperature readings were 
taken at the cupola spout throughout each heat 
These temperatures form the basis for the data and 


the results presented 


Research Program and Results Obtained 

In order to have a basis for comparison, the initial 
heats Nos. | and 2 were made with a normal oxygen 
content air blast. Heat No. 2 (Table 1) is considered 
to be an average operation for this cupola with an 8:1 
coke ratio and normal volume air blast of 850 cfm 
The melting rate, me lting loss and level off t mpera 
ture were used fo comparison with those of the heats 
made later. 

Table 1 is a tabulation of data obtained from indi 
vidual heats made with varying oxvgen additions to 
the air blast. A series of 8:1 coke ratio heats with 
oxygen additions to the blast ranging from 0 to 
13.8 per cent of the total blast volume show almost a 
straight line increase in the melting rate. Figure 4 
illustrates this increase in melting rate graphically and 
serves to demonstrate one of the effects of oxygen 
enriched cupola blasts. The melting rate was increased 
as much as 40 per cent in one cas¢ Ihe total blast 
volume was higher in this heat, which probably had 
some effect on the melting rate. One of the most satis 
factory oxyvgen-enriched blast heats was No. 4, Table 
1, in which the melting rate was increased 19 per cent 
above the blank heat (No. 2). If the “level off’* tem 


* Level off tapping temperature is the average temperature 
obtained after the coke bed is burned down to the operating 
level and the temperature remains nearly uniform 











perature is noted tor the various 8&:] 


tabulated, a tempcrature Lise vill be indicated con 
sponding to thre crease in oxveen content ol tl 
blast Sill higher tapping temperatures can be ob 
tained with an 8:1 coke ratio if the total blast volum 
is reduced 15 to 20 per cent and the oxygen content 


a 10 per cent addition 
will 
blast 


maintained at approximately 


the meltine rate not be 


the 


Under these conditions 


volume 


lable |] 


increased as much as with normal 


heats with equivalent oxygen additions 


heat No. 13, shows the figures derived from a reduced 
volume, oxvgen-enriched blast heat. The melting rat 
however, is still 5.9 per cent above the blank heat 


This combination of conditions should be appealing 
to a shop interested in higher tapping temperatu 
rather than to one desiring greater production 
Oxidation Losses 

dimin 
the 


Contrary to oxidation § losses 


r xX pt ctations, 
blasts If 
the 


a straight line 


ished with increased oxvgen content 


melting loss and oxvgen content of blast are 


plotted, the relationship is essentially 
function, the melting loss being reduced as the oxvgen 
effort to dete 


melting loss diminished, metal and slag 


content of the blast increases. In an 


mine why the 
[he metal analyses generally 
than the 
This is brought about by 
increased quantities of CO in the 
slizhtly 


The results of thes 


samples were analyzed 


indicated silicon content increases rather 


normal 10 per cent loss 


combustion rea¢ 


tions and the formation of reducing condi- 


tions shown by flue gas analvses 
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atta Me, miata) 


COKE ratio heats 





OXYGEN-ENRICHED ( 
ynditions are to eliminate the oxidatio; 
m and also to reduce some ot the S] 
icon 
Further support of the reduction in 


ith increased oxveen blast heats is sho 


2. Slag analysis of samples taken from tl 


contents as 


’ 3 and 4 indicated reductions in manga 
ese dioxide, and iron oxide 
ot the blast is increased. A 


ments in the 


charged. Heats Nos. 6 and 
the 
the 


indicated trend. 


iol 
heat 
the 
Table 1, 


volume 


Referring again to 


enrichment and reduced 


13 show 


the 


reduction of 
slag reflects the increased vik 


the 


iron oxide but because of other cha 
other elements are slightly out « 


effect 


blasts 


coke ratio is shown. By a simple change ir 


blast volume, maintaining the 


Same 


pe re 


oxveen addition, the melting rate can be red 


the 
control offers a gereatel flexibility i 
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EFFECT OF OXYGEN ADDITION TO BLAST 
N MELTING RATE WITH 8-! COKE RATIO 
| ] | 892 CFM BLAST 


854 CFM BLAST 


850 CFM BLAST 


860 CFM BLAST 








> CFM. BLAST 
a a wes aS os ns = = 
MELTING RATE—LBS/HR xX 100 
{—Efject of oxygen addition to blast on melting 
rate with 8:1 coke ratio. 


tent of the coke \ study of Lable | will reveal that 
higher temperatures and faster melting rates were 
obtained with a 12:1 coke ratio oxygen-enriched blast 
than was possible with a 5:1 ratio normal volume an 
blast. Savings of fuel (and even salvage of a complet 
heat in some instances) can be effected without a sacri 
fice in vital temperature requircments The amount 
of fuel saved would be the difference between the 5:1 
and 12:1 coke ratios o1 approximately 233 lb of coke 
per ton of metal melted. The increased temperature 
and melting capacity of these two heats must likewise 
be considered when weighing the economics of each 
operation, 

Comparison of heats Nos. 7 and 14, Table 1, indi 
cates similar temperature and melting rate results 
Economically, however, heat No. 14 would be more 
desirable than No. 7 because of the smaller quantity 
of coke and oxygen used and decreased melting loss 
for a comparable tapping temperature and melting 
rate. 

Anothe CCONnOTHIE aspect to be considered when 
thinking of the oxyegen-enriched blast is the effect it 
might have on the cupola refractory. A quantitative 
study of lining loss during each heat was made and 
the results are shown in ‘Table 3. The patch material 
used in all heats was as follows: 30 per cent—1,-in. silica 
quartz ganister; 50 per cent—3¢-in. silica quartz ganis 
ter; 14 per cent—No. 60 silica sand; 6 per cent—western 
bentonite; 5 pel cent wate 

The data given represent the quantity of patch 


‘TABLE 2 ANALYSIS FROM 8:1 Coke Ratio Hi 





Oxygen 
Addition 


% of Blast 











250 


material of a constant quality and mixture required 
to restore the inside diameter of the cupola to 19 in. 
Dimensionally 
can be considered less destructive to the lining than 


speaking, the oxygen-enriched _ blast 
the normal blast. However, the zone of maximum 
temperature is extended or elongated, which also 
means the “‘scar’” or burned out area is increased ac 
cordingly. This condition accounts for the apparent 
added lining loss in the oxygen-enriched heats. It is 
possible that, due to the slight decrease in dimensional 
loss of the lining, longer heats could be run if desn 
able ( lose 
material listed in Table 3 will reveal that the reduced 


observation of the quantities of patch 
blast volume heat No. 13, (oxygen enriched) caused 
less lining damage dimensionally and volumetrically, 
than the normal oxvegen blast heats. Heat No. 14, 
also of reduced volume enriched blast, was slightly 
more destructive to the lining than the blank heat 
Heat No 15 was 


changed from normal to oxygen-enriched blasts inte 


a mixed blast heat which was 
mittently during the heat. This procedure was not 
particularly harmful to the lining and did show inte1 
esting effects of periodic usage of oxvgen-enriched 
blasts for controlling temperature. 

Mere tabulation of the data from these heats is 
insufficient to emphasize the importance of the devel- 
opments which are possible by the use of oxygen- 
enriched blasts. —The more interesting and valuable 
aspects of this research program are brought out by 
a brief discussion of the various figures which are 


shown herewith. 


Temperature Control With Oxygen and Coke 

Ratios Required 
5 represents tapping temperature curves 
The value of oxygen 


Figure 
from Heats Nos. 2, 3, and 4. 
enrichment in the raising of tapping temperatures is 
illustrated. Using normal blast volumes, an oxygen 
addition of 8.6 per cent was sufficient to increase the 
metal temperature at the spout 100 F. This amount 
of added temperature would be helpful in eliminating 
misrun defects if such conditions prevailed. 

If little or no extra temperature is required, oxygen 
enrichment will be effective in reducing the quantity 
of coke required per ton of metal melted. Figure 6 
shows the similarity of results that can be obtained 
by the use of a 12:1 coke ratio and an 8.2 per cent 
oxygen addition to the blast as compared with a heat 
of 8:1 coke ratio and normal oxvgen content air blast. 

\nother method of temperature control is demon 
strated in Fig. 7. Manipulation of the coke ratio with 
approximately the same total blast volume and oxygen 
addition will result in raised or lowered tapping tem- 
peratures. This condition, if known to the cupola 
operator, could be used to’ great advantage in produc 
ing iron at the most suitable temperature for the type 
of work to be poured. Greater economy of coke 
consumption can be obtained if oxygen is used to 
control the tapping temperature. 


“Oxygen as Cupola Medicine” 

Figure 8 emphasizes the importance and value of 
oxygen-enriched blasts when a heat gets off to a poor 
start or when below average fuel is encountered un- 
expectedly. Heat No. 11 illustrates the action of a 
5:1 coke ratio normal oxygen content blast heat which 





OXYGEN-ENRICHED Cr pe 


Taste 3—LINING MATERIAL REQUIRED 
Various HEATS 





— 
Lining Patch 
Diameter Material 
Heat After Heat Required Cok 
N Inches Pounds Rat 
25 210 f8 
25 245 8 
+ 25 275 8—] 
é 290 s 
24 275 12-1 
_ ’ 8 _- ‘ 
* 350 | 
) 27 490 5-] 
| 92 90) x 
4 - yc 19 
2 215 8—] 


* Soda Ash+Limestone Flux. 





started out under average conditions. Abo 
way through the heat, the temperature started to d 
and severe bridging occurred. ‘The heat was 
unde 


temperature steadily and ordinary cir 


stances the bottom would have been dropped, th 
Knowing 
potentialities of oxygen, the blast was enriched 
almost immediately the temperature increased. | 
balance of the heat was completed without additio 
difficulty. ‘The coke analysis indicated a high 
content which was blamed for most of the troul 
encountered. Another brand of coke with a lowe: 


losing the balance of the day’s run. 


and higher carbon content was used for heat No. |! 


and the results were somewhat better with the sai 
coke ratio and normal blast as that used in 
No. Il. 

The importance of these results cannot be stress 
too strongly, especially to the small shop operato 
who occasionally may get into trouble and hav 
“drop bottom.” For such cases as these, the econo 
and advantages of having a few cylinders of oxygei 
available for emergency use is immeasurable. The 


of a day’s production can mean many times the cost 


of ten or twenty small tanks of oxygen. 


Reduced Volume Blasts 
Figure 9 compares the results of a 7:1 coke ratio 
normal volume oxygen-enriched blast heat (No. * 


with two reduced volume oxygen-enriched blast heats 


(Nos. 13 and 14) of 8:1 and 12:1 coke ratio, respe 
tively. Aside from a slight bridging of one tuye! 
during heat No. 14, which caused a temperature varia 


tion, approximately the same accomplishment was 


possible with a 12:1 coke ratio reduced volume é! 
riched blast heat as with a 7:1 coke ratio norma 


volume enriched blast heat. The 8:1 coke ratio heat 


was slightly hotter and more uniform in tapping ten 
perature than either of the other two heats. The sig 
nificant feature of this particular illustration is t! 
demonstration of the ability to produce hotter ro! 


° . he i 
with less coke using reduced volume oxygen-enricic 
ists even 


blasts than is possible with normal volume b! 
with added oxygen. 
that could cause such a variation in operati! 
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Fig. 6—Comparison of heats with and without enriched blast. 
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O54 OXYGEN-ENRICHED Cupy 
TABLE 4—OxyYGEN ADDITIONS vs. INCREASED MELTING RATES 
ii. 
Melting Rat 
Oxvgen Ad ( I Hr With Oxveger \ 
I i Per é B e Normal Me Percent f B 
( | Blast ig Rate a 
S C.F.M. $ f 8 0 Tons, H: 4 ¢ 
SO 2,280 40) +, 560 Oo 75 1.6 l 
OO ,, 120 4. 380 6,240 ROO 2.35 2.44 2. 56 
1, 800 4.320 6.480 g #450) 0,800 .. oe 3.54 3.70 
4) R10) x 60 11.600 + 500 4.95 4.63 4.8 
} 5, 1OO 450 1,100 $+, 85( 8,550 0) 5.99 6.28 
600 ¥ 650 ?,.920 17,500 600 6.25 6.8 7.49 
( $+, 100 9,840 1.720 19.600 4, 400 25 7.9 ee X 
200 2.450 18.650 24,900 1, 20 ». 25 10.0 10 
. 6.400 15.350 »3,000 30, 700 8,400 25 12.2 12.8 
) ~/00 18,450 27 600 36,850 16.200 , ] M 15.6 f 
) 4, 200 O50 33, 100 44.100 100 6.7? PP, 18.5 ) 
1O 0,700 600 38, 400 51,40 4.950 12.0 1.1 21.6 ?? 
) 12,500 0,000 $5 000 60,000 5.000 22.2 24.2 25.3 f 
* Ba i stimated tron xperimer! heats, 
the coke to produce heat, but does add an extra vol accompanying loss of temperature. Later in the 
ume of gas which must necessarily be heated as it a booster charge of coke was added and the ten 
passes through the cupola. The Btu value deve loped ture increased until this coke also was burned a 
by combustion is partially used to heat this nitrogen, \ very high temperature would have resulted if sui 
thereby reducing the amount of heat available to melt cient coke was supplied for the quantity of ox) 
and superheat the iron. present in the blast. 
Excessive Oxygen Addition lo use oxygen in the blast throughout th 
The amount of oxygen added to the blast may be heat might be considered unnecessary or too cost 
in excess of that which can be used satisfactorily for by some operators. An alternate method of us 
the quantity of coke present in the bed and subse oxygen that is worthy of consideration is the int 
quent splits. A typical example of such a condition mittent “shot in the arm” procedure. Figure |] s! 
was produced in heat No. 6 shown graphically (Fig. the effect of periodic additions of oxygen to the blast 
10) in comparison with a satisfactory heat of 8.6 per on tapping temperature. The first part of the hea 
cent oxygen addition. Both heats represented were was run with the “shot in the arm” method and the 
made with the same coke ratio (8:1), and approx- last part was run using oxygen primarily as a contro 


imately the same total blast volume. 
5. 


An oxygen addition of 13.8 per cent was sufficient 


to burn the coke faster than melting could proceed; 


tool to obtain and maintain a given temperatul 


results are self 


evident of 


the value of oxveg« 


n 
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control tool and for quick temperature pick-up 








therefore, the coke bed was burned down with an avoid or eliminate bridging or cold iron difficulties 
TABLE 5—Cost OF OxYGEN AppITIONS/ TON OF MELT 
Dollars 
Unit Cos Cost/Ton of Me 
Cu Fr of Oxyger Tons of Oxygen Unit Cost f Oxygen Per Cent Addition 
Per Mo. Per Mo. of Oxygen Cents/100 

20 Days 20 Days Dollars/Ton Cu Ft 4 6 g 
Small Quantity Purchase 180.00 75.0 9.40 13.30 17.20 
Small Quantity Purchase 120.00 50.0 6.25 8.90 11.50 
600 , 000 25.0 72.00 10.0 3.75 § 35 6.90 
1, 200,000 50.0 62.40 26.0 3,25 4.63 5.97 
1,800,000 75.0 $5.20 23.0 7.88 4.10 0 
3,840,000 160 45.60 19.5 7.44 3.47 4.49 
+, 800,000 200 44.40 18.5 = 3.99 4.96 
, 760,000 240 43.290 18.0 2.25 3.20 4.14 
6,720,000 280 47? 00 hb 9.19 3.12 4.02 
, 680,000 320 40.80 17.0 212 3.02 3.92 
§ 640,000 360 39.60 16.5 2.06 2.94 3.80 
d, 600 , 000 400 38.40 16.0 2.00 2.84 3.68 
10, 560,000 440 37.20 15.5 1.94 2.76 3. 56 
11,520,000 48( 7.20 15.5 1.94 2.76 3. 5 
15,360,000 640 36.00 15.0 1.87 2.66 3,45 
19, 200,000 800 34.80 14.5 1.81 2.58 3. 34 
23,040,000 960 33.60 14.0 1.75 2.50 22 
Very Large Quantity Purchase 15.00 06.2 0.78 1,1} 1.44 
Huge Quantity Purchase 5.00 02.1 0.25 0.36 0.46 
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L | c oeer | TOTAL! INCREASED 
MELTING MELTING BLAST OXYGEN MELTING MELTING 
HEA TIME RATE COKE VOLUME ADDITION LOSS RATE 
NO. (MIN. (LB/HR.) RATIO (CFM) (% OF BLAST) (%) — (%) 
iS 104 3228 8-! 700 94 * 2.2 10.7 
j | 850 0.0 | 
| | 670 7.1 # 
] ] | ] ] | BLAST MANIPULATION 
APPROX. % ‘ite 
| | | | | | Tota. vor. oxycen ‘ME = TIME OFF MINUTES 
BLAST ON 700 C.F.M 30.4 2:00 2:23 23 
| | | | 850 C.FM 21.0 2:23 2:39 16 
| 700 C.FM 30.4 2:39 2:44 05 
850 C.F.M 21.0 2:44 2:57 13 
- } + + } + 4 700 U.F.M 30.4 2:57 3:03 06 
850 C.F.M 21.0 3:03 3:11 08 
| 660 C.FEM 28.) 3:1) 3:44 33 
3000 t Tt T . BLAST OFF 3:44 104 
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Temperature control with oxygen enrichment of blast. 
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melting rate per unit of time will infl 
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In normal blast heats with approximately 
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rates were increased by roughly 9, 14, 1 





-t per cent, respectively. Using these approxim: 







is prepared for various sized cupolas. 
5 shows approximate costs of quantity 
various levels of consumption per mon 






urally 
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e advantages gained from the use of oxy- 


e eco 


(fewer misrun castings, improved furnace 


loss, 
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lollars and cents would be difficult, if not impossible, 
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elting 


lor various size cupolas using data from the 
rimental heats as a basis for the calculations. 
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4, 6, 
t, the 
), and 
itions 


from the experimental heats, a table (No. 4) 
en consumption per hour and melting rate per 


, OXY 
th as 









supplied by one of the leading makers of oxygen pro 
duction equipment. ‘The cost of using oxygen per ton 


of melt at four levels of addition are indicated for the 


only 
the 


These costs are approx 


unit cost represented. 


imations and will vary according to source 
oxygen supply. 

he real cost of oxygen-enriched cupola blasts as 
stated previously will depend on the amount of help 
it will offer to the particular foundry, and it is be 
lieved may be more than balanced by economies in 


operation, if effectively used. 


Conclusions 

The following conclusions have been drawn from 
the experimental data obtained from the use of oxy 
gen additions to the cupola blast. 

1. With approximately a 10 per cent oxygen addi 
tion to the normal volume cupola blast and an 8:1 
coke ratio, the melting rate was increased roughly 20 
per cent. 

2. Under the above conditions the tapping temper- 
ature of the metal was approximately 100 F higher 
than content blast. Higher 
operating temperatures also provided less bridging 


with a normal oxygen 


and more fluid slag. 

3. By control of the oxygen content and total vol 
ume of the blast, tapping temperature and melting 
rate for a given coke ratio can be controlled to suit 
the prevailing conditions in cupola operation. 


4. Oxygen additions of more than 10 per cent of 





the total blast require a low coke ratio and would 
result in high tapping temperatures. 

5. “Lemperature control by adjustment of the cok 
ratio is possible with oxygen-enriched blasts 

6. Ope rating conditions and tapping temperatures 
similar to a 5:1 coke ratio normal blast heat can be 
obtained by increasing the iron to coke ratio to 12:1 
and adding trom 8 to 9 per cent of oxygen to the blast 

7. Reduced volume oxygen-enriched cupola blasts 
caused a smaller increase in melting rate and higher 
tapping temperature than the normal volume oxygen- 
enriched blast heats. This offers an additional tool 
for temperature and production control. 

8. Periodic “shot in the arm” methods of using 
oxygen additions to the blast can be beneficial in ob 
taining hot iron on short notice without serious inter 
ruption of the charging routine. 

9. Cupola heats that start to freeze up due to some 
operating difficulty, (poor coke, bridging, etc.), can be 
saved from “dropping bottom” by the emergency use 
of bottled oxygen added into the blast line. ‘The tem- 
perature can be increased almost immediately and 
the heat saved, not to mention the day’s production. 

10. By proper manipulation and use of oxygen- 
enriched blasts, little additional refractory loss oc- 
curred and improved operating conditions resulted. 

11. Less oxidation loss of the silicon occurred with 
the use of oxygen-enriched blasts. 

12. Dollars and cents cost of oxygen additions will 
range from $0.25 to $20.00 per ton of melt depending 
upon quantity added and price paid per 100 cu ft. 
The true cost or economy of oxygen-enriched cupola 
blasts will have to be determined by each shop after 
all conditions of operation are considered. 
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Chairman R. G. McEtwer, Vanadium Corp. of America, 


Detroit 

Co-Chairman: 1} ( Jever, Ford Motor Co., Dearborn, Mich 

A. K. Hieeins (Written Discussion)" The first paper on a 
new subject of any complexity is always a difficult one. This is 
particularly true of a subject as involved as the one presented 
by Mr. Wick. He is to be congratulated on his carefully con 
ducted experiments and his able presentation of the results of 
his work. When an industrial process has been stabilized for 
as long a period as has the operation of melting iron in the 
cupola, we tend to feel that major changes in methods are of 
doubtful value, and are reluctant to accept modifications it 
practice that are beyond our normal experience 
n cupola practice have been confined (for 


Modifications 
many years) to improvements in control, and the introduction 
of labor saving devices. 

The introduction of added oxygen to the cupola blast may 
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crudel is is usually the case when developme 
on shop equipment. We did not meter our ox 
wr did we have the control on blast volume 
to Mr. Wick. We were somewhat in the POsi lic 


un under approximate conditions and finding o 
done alter we were throug! 

Under these conditions, we feel that the me 
ment that resulted between Mr. Wicks work 
venerally good 

Lack ot agreement in magnitude, 1s probabl 
ferences in dimension of the equipment used 

Some of you may have seen a description ot 
lished in Jron Age April 22, 1918) and if so vor 
we have reported approximate doubling of the ra 
when using 5 per cent oxygen on a run with 
ratio. Another run, at a 6 to | coke ratio with app 
per cent added oxygen resulted in a melting rate s 
than double the estimated rate for a cupola 37 in. ID 
in Myr. Wick’s Table 4 (for an 8 to | coke ratio 


believe that this second run melted at anything 


capacity because we were not prepared for the extre 
rate attained and could not keep the cupola charges 
This difference in results is presumably due to thi 
in proportion between the relationship of cross sectic 
wall area) of the two cupolas used, and the consequ 
ethciency of the smaller cupola due to heat losses 


through the wall. As a consequence, our outlook o1 


melting rate is considerably more optimistic t 
reported in this paper. 
Mr. Wick has touched briefly on the lower los 

his melt analysis. In the case of the extremely low s 

we were using, this became a positive gain (in one ¢ 
per cent). Again we would ascribe this to the higher t 
tures reached in our larger operation. The unfortunat 
that the silicon content seems to be largely a functior 
temperature and as a result, uniformity of operat 


tions would have to be maintained very carefully if 
to keep our metal analysis at all constant This we 
periodic additions of oxygen difheult and would it 
continual additions of smaller amounts of oxygen 
sirable. 
Melting temperatures reported by Mr. Wick are 
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tial agreement with our results for the initial tap 


normal charging, we found general maintenance ¢ 
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the slag 
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produced. 
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difhculty in running all day, without added oxygen 
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Because of the rate of refractory failure, the slag 
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slag hole block badly although the well temperatures were 
high. 
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Table 5) are most attractive, but the volumes require 
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5 of the paper to find the size of operation that we 
quired to use oxygen in some of the cheapet classes 


If we consider only the size 12 cupola as being suit 











OoOVV uC il t per ce 





a opel 





With 10 per cent added oxveet at S.oD pel 











const 


int ope ration 





ations we find that 


ot 








ton iron oxv¢gen cost 






slig 


ntinuously [hus we can assume that our 






alone will exceed $1.75 pel ton ot iron and Ww 






ound 82.50 for a normal size foundry 





thered trom the ibove that we do not whole 





be to the general use of oxvgen. We do, how 


Mr. Wick that a bank of manifolded cylinders 





ast’ line vould be desirable since they would 








temperature and in addition would be 





( emperature of the first tap and to make ro 





rt of the day 


Sta 














\Ir 


( KETT (VW Discussion This paper presents 


CROCKETI'S DISCUSSION 











ve dithcult to obtain trom production tests, and 





be congratulated tor a very interesting summary 


y ta work 












| 


ears ivo ( assisted mn some oxvgen-enriched 





sts, made under operating conditions in a plant 











rought iro At that time, it was obvious tha 











ome advantages in the use of oxygen, but it was alse 


n-enriched blast introduced new problems 









. k volving production cupolas confirm the con 
paper that oxvgen will increase the metal tem 
oduction rate, but differ from the conclusions 

ractol consumption and oxidation losses 
emphasized that oxygen enriched blas iCCol 

















It causes a higher flame ter 









temperature because ot the 
content ot the blast In addition, more ox el 


supplied to the cupola, and conse 





e of fuel consumption, and production, cai “ 





yectives mav be obtained bv other 










blast 


md the second 





S v drvit or heating the 


e blast rate. [heretore, the ipplication of oxyger 





ly another one « 


ould be considered as mere 





eal ol improving cupola operation ind not as 





r present operating difficulties 





estion Of oxidation loss summarizes the major pro 





e encountered in applying oxygen-enriched cupola 





s paper definitely shows that metal loss is less wher 





t} 





in in normal operation This would be ex 






he coke ratio remained constant It has been touns 






hearth operation that the loss due to oxidation is a 








of time as well as atmosphere during melting, and if 





t melting is shortened, and the atmosphere remains 






ot the same oxidizing characteristics, then the loss of 






silicon will be less with oxvgen The combustion 





in the cupola is more complicated than in the open 





Coke is burned to provide heat to melt iron, but it 





e burned in such a manner that the chemical changes o 












be controlled within definite operating limits 






in order to prevent oxidation loss, there will be 





mum coke consumption at various oxygen enrich 





S$ is very important, since it has been found that 





gs of 10 to 15 per cent are the maximum attainabl 
Kidation loss. With coke 


tl use Ot OXVgen IS not economiu 





such a limitation on 





Savings 





j 


il Line) 











still concern that the refractory problem im USsil 






difhcult to overcome particularly it high enricl 





ven our experience, that, with enrichments above 






consumption is definite 




































compete pervisK ‘ Cl ss ¢ Cost ¢ ON ‘ ‘ ckKly 
overshado s benet I he pplv of ox ‘ for this purpose 
shoul De } cad Se | e desired the © ¢ ‘ i 
tained durit the time the oy s ccact This mn S the 
ise of adequate-sized pipe nes ron the oy Cl supp na 
proper regulati ind control equipment 

Oxvgen has been established is il mportant | sore 
metallurgical operations il csse! i eu { is no i 
substitute ror more cconomic means ot oft init i stlactory 
operations and tuel consumpto 








Mr. Crargk’s Discussion 











the paper o1 Onxvoe kt ched ( ipola Blas 
with great deal of interes As the author has dicated reports 
trom the ste rclustt conc ! the app ition of ON ‘ ‘ 





open heartl melting has aroused the curosit ol many toundrs 


ict concernit 





blast tor the purpos ot obtau nore othe nt « Isto 





th the i ol ncreas meta temperature aL cad 
the amount ot coke necessal to melt then ror 

Mr. Wick and the sponsors of this program | e published the 
most complet report ol this subpect hict na come to out 
ittention to date Their data can be used as the basis of turther 
nvestigations hict wil rhe the possible ilu ol « ched 
blast i U commernrcia I s 








We lhe ‘ t should be tressed " ‘ ‘ obtained | 
his small ¢ pe rie I cups ot ’ 1) ! nM be checked 
exac usil thie reer | naces hhict ul hound I 
commer ctice 1 hve h proporti ol ' irea to thre 
‘ ime ot combu ‘ el a te cme Oo hold the he 
mal ethcren ol ‘ cupola I ‘ ( wel ve 
than that ol e lara furnaces nad it is ver ke tl he 
optimum own ( idded to the bla nicl ec found t © con 
siderably k ( mal er cupola 

We Is elieve that e should not overlook the tact that the 
cupola used these experiments is of a standard desig hicl 
has been developed over a period of enerations as suitable tor 
operation o1 i normal cold air blast Presumably the use of 


oxvgen has the etlect of increasing the rate of combustion at the 


tuvere level This condition ould be expected to we at in 
usually hiegl temperature in the lower part of the coke bed and 
1 correspondingly lower temperature in the upper portion of 


the bed. We would expect such a condition to cause burning 


away ot the cupola bed to a level somewhat lowe than hen 
using a straight air blast Ihere are detimite indications that 
such a condition existed in some ot Mr. Wich heats particu 
larly when the heaviest oxvgen additions were used However 
to melt iron at the maximum temperature for a given coke ratio 
we must not only maintain an extremely hot and active bed, but 
must maintain it at sufhcient depth so the meta dripping 
through it | be exposed to the high temperature a suthciently 
ong time to accumulate the desired superheat 

Ihe use of substantial amounts ot oxvger ould be expected 
to upset the normal combustion equilibrium to the point here 
major changes the desien of the cupola furnace might te 1 
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from $9.40 per ton of melt for a very small foundry, to as littl 
as $0.25 for an extremely large purchaser of oxygen. We believe 
it may be of interest to place several foundries of different 
capacity in this table For this purpose let us consider three 
plants melting 20, 100 and 1000 tons of metal per day. Cost of 
a 4 per cent oxygen addition to the cupola blast at each of these 


foundries would then run in the range of 





Daily Melt Monthly Usage Price of Oxygen Cost per ton 


tons of Oxygen, in cu ft per cu ft of Metal 
2%) 105 200 S0O.0050 $5.04 
100 2? O16 000 $0.0023 $2 32 

1000 2°) 160.000 SO.00145 $1.46 





With the coke for an overall metal to coke ratio of 5 to 1 
casting some $4 to $6 per ton of melt, depending on locality, it 
is obvious that the average small foundry is going to have some 
difficulty justifying the use of oxygen. However, it is possible 
that the very large foundries might be able to justify a cost in 


the neighborhood of $1.50 per ton of melt for oxygen if they 


could make substantial savings in coke or attain higher and 
more consistent temperature 

In papers of this kind which present a large mass of experi 
mental data, most authors feel a hesitancy about reporting more 
of the fine details than ave absolutely necessary. In all prob 
ability, Mr. Wick has much pertinent information on details of 
the experiments such as initial coke bed heights on each heat 
chemical analysis of the metal produced at each tap, the weight 
of metal tapped and the time necessary to accumulate it for 
each tap, etc. It is hoped that the author may see fit to publish 
this information at an early date, as such data would be of defi 
nite value to others who may wish to carry on further experi 


mental work along this line 


Cost Calculations on Use of Oxygen Based on Wick’'s Prices 
4°" Oxygen Addition to Blast 
30,000 cu ft air to melt | ton iron 
;0.000 « 21 6,300 cu ft O. to melt | ton iron 
If we enrich the blast to 25°, O,, we will require 
6300 100 25,200 cu ft total blast volume 
25 


25,200 0.04 1,008 cu ft of O, would b 


added per ton ol 


iron melted 


Melting 20 tons dav or 400 tons/month: 400 1008 103.200 
cu tt O, consumed at a price of $0.0050 per cu ft 

1008 0.0050 95.04 per ton of melt 

Melting 100 tons/ day or 2,000 tons/month: 2000 Ss 1008 


2,016,000 cu ft O, consumed at a price of 0.0023 per cu ft 
1008 0.0025 $2.32 per ton of melt 

Melting 1,000 tons /day or 20,000 tons/month 

20,000 1008 20,160,000 cu ft O, at a price of 0.00145 


1008 0.00145 S1LA6 per ton of melt 


Mr. Bowers’ Discussion 


J. A. Bowers (Written Discussion)" When we were asked to 
discuss this paper we were a little hesitant to do so because of 
the meager amount of data we had available However, afte 
checking our data we tound that it checked in many instances 
with Mr. Wick’s work and decided to offer it for what it is 
worth. The data was collected in somewhat the same manner as 
Mr. Wick’s. The first test being on a pair of experimental heats 
and the others from a production cupola with the blast enriched 
with oxygen for a short period of time 

Iwo experimental heats were run on a cupola lined to 36-in. 
diametet [he first heat was conducted with normal blast while 
the second had approximately 4.5 per cent oxygen added. The 
cupola blast was supplied from a_ positive pressure blower and 
the rpm of the blower was the same for both heats with all 
bleeder valves closed tightly [he iron charges weighed 1000 Ib 
and contained 20 per cent clean steel and 80 per cent pig iron 
from the same cast. The ivon to coke ratio was 8 to 1, and the 
flux used was dolomite, the amount being 3 per cent of the 
weight of the iron charge Ihe cupola held six charges level 
with the charging door sill and on top of the sixth charge of 
both heats approximately 12 in. of coke was placed to tend to 
make the stack resistance even throughout the blow. The metal 


*American Cast Iron Pipe Co., Birmingham 





OXYGEN-ENRICHED Cr) ) Ww. ¢ 


from both heats was collected in 3000-lb ladles 
vith 3 lb of 75 per cent FeSi per 1000 Ib of 
chill specimens and samples for chemical analys 
from each ladle. The oxygen was not introduced 
for the first 10 min on the oxvgen-enriched blast 
felt that most of this time is spent in heatir 
therefore it would be a waste of oxvgen A co 


data is given in Tables 6 and 7 


PABLE 6—SUMMARY OF DATA FROM PLAIN vs Ox 
BLAST IN THE CUPOLA 














Ls 
Plain 
Blast 
Time from wind on to first tap, min a) 
Duration of heat (6000 Ib iron), min 97 
lime oxvgen on, min 0 
Per cent oxvgen in blast °oL0 
\verage metal temperature I °665 
Refractory consumption, cu in 758 
Average silicon loss, per cent 19.9 
Points carbon pick-up 0.94 
Points sulfur pick-up 0.059 
Paste 7—CHEMICAL ANALYsIs A 
() 
Plain 
Blast BR 
\verage silicon content pel cent 2 02 9 
\verage sulfur content, per cent 0.09] 
\verage manganese content, per cent O.80 7 1 
\verage phosphorus content per cent 0.35 
Average total carbon content per cent 345 
otal iron oxide in the slag per cent 1.46 0 : 
The next tests consisted of adding approximatel De 


oxygen to the blast in a production cupola lined to 48 
eter. The iron charge in this operation consisted of 20 per 
steep scrap, 10 per cent return scrap and 70 per cent pig 
the total weight being 2000 Ib. The iron to coke ratio 
Hux \ 


iron in this foundry is inoculated with 75 per cent FeS 


proximately 7 to 1 with the normal amount of 


poured mostly into cast iron water and gas pressu 
No changes were made to normal procedure durit _w 
except for the addition of oxygen to the blast 


[he tests consisted of operating the cupola in the 


for approximately 5 hi Frequent temperature rea 
chemical samples were taken during a period of approx 
10) min before adding oxygen to the blast. After whi 
cent oxygen was added for 30 min during which time t 
ture readings and chemical samples taken as stated above 
oxygen was then cut off and the same observations n 


more min. The results are shown in Table & 


PaBLE S8—-AVERAGE ResuLTS Oprainep DuRING \PPROX 
}0-MIN INTERVALS Berore, DurRING AND AFTER OX) WA 
ADDED TO THE BLAST OF 4 PRODUCTION CUPO! 





Aver. Stream 
remp., \ 
lime I Si S Mn P T. 5 


First Test 


Before enrichment 2650 1.91 .092 .74 it 

During enrichment 2640 2.10 096 77 a5 

\fter enrichment 2650 2.02 084 ..67 7 
SECOND TEs! 

Before enrichment 2620 195 092 .94 1 

During enrichment 2670 2.07 096 52 19 


After enrichment 2660 2.00 O91 x4 13 





The following conclusions are listed from the s! 
mental heats. All of them to some degree in agre¢ 
Mr. Wick’s conclusions: 

1. The speed of melting was considerably incre 
approximately 18 per cent with 4.5 per cent oxygel 
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CHANGES IN CHEMISTRY OF LIQUID STEEL 
IN CONTACT WITH SAND 


Mold Surface Committee of A.F.A. 


J. B. Caine,* 


IBSTRACT 


This newly formed committee presents a study and report 
m the happenings at the sand-metal interface when a mold 
surface is subjected to liquid metal. One of the many possible 
happenings is a change in chemical composition of the sand 
and metal. The report this year concerns itself with changes 
in chemical composition of the metal—the instances reported 


are for Stee when it contacts the sand to form the casting 


{4 corollar of this work has to do with any possible oxidation 


or volatilization of steel as an explanation of penetration and 


adhering sand 


CHANGES OCCURRING in the chemistry of the su 
face of metal at the sand-metal interlace are not gen 
erally appreciated. Although the examples given in 
this report are for steel, changes of a similar nature, 
except for differences in chemistry must occur in any 
metal casting. Figure | illustrates a typical steel sec 
tion in contact with a typical production sand, ‘There 
was no metal penetration into the sand in this instance, 
the sand peeled perfectly from the casting. Note the 
decarburized surface and the presence of large inclu 
sions at the sand-metal interface. ‘The decarburized 
area in this instance is 0.012 in. deep, the oxidized 
area showing many large inclusions extends about 
half this distance from the surface. 

On higher magnification it will be found that the 
inclusions are manganese silicate and iron sulphide 
even though the steel be aluminum killed, showing 
only alumina and manganese sulphide inclusions a 
few thousandths of an inch removed from this oxidized 
surface. Normal inclusions are found even in the area 
showing appreciable decarburization. 

Fortunately, from the standpoint of physical proper 
ties of the casting, this oxidized, decarburized area 
usually scales off during heat treatment and the prob 
lem of poor physical properties, especially in fatigue 
is not too serious. However, it is something to be kept 
in mind if any thought be given to scale-free, con- 
trolled atmosphere heat treatment. 

If, for anv reason, the void size of the sand as 
rammed is too large, resulting in mechanical penetra 
tion, the penetrating metal will be found in most 


* Metallurgist, Sawbrook Steel Castings Co., Lockland, Ohio 


Chairman 


instances to be completely decarburized and showing 
many large silicate inclusions, as shown in Fig, ° 
This change in chemistry at the surface of cast stee! 
regardless of whether the steel penetrates the sand or 
not, does not seem to be due to any reaction with th 
sand itself, but due to a reaction between the stee! 
and oxygen and hydrogen of the air occupying th 
voids of the sand and present in the gases generated 
by the sand as it is heated. Water vapor, present 
either as temper water, combined water in the clay 
substances, or formed when the cereal and organi 
materials in the sand decompose, is appreciably dis 
sociated into hydrogen and oxygen at the temperatures 
of liquid steel. 

Hydrogen, in the presence of water vapor ts about 
the most efficient decarburizing agent known. Oxygei 
will combine with silicon, manganese and aluminun 
forming inclusions. In fact, enough oxygen must be 
available to react with all the oxidizable elements 
present at the surface for iron sulphide inclusions 


are present in the oxidized surface areas. ‘This is ai 


I 
inclusion type that does not form in steel until the 


manganese content of the steel is almost exhausted 


Temper Water Content 


There is some evidence that the amount of oxida 
tion and especially decarburization, as measured by 
the depth of metal showing these changes in oxygen 
and carbon, is dependent primarily on the tempe! 
water content of the sand. The amount of combined 
water and organic content of the sand seem to be 
secondary variables. Steel cast against dried sand 
usually shows less oxidation and decarburization than 
does steel cast against sand containing water, and 
even dry sand castings show appreciable oxidation and 
decarburization of their surfaces in contact with the 
mold surface. 

One thought may be timely. The steel foundryman 


has always recoiled instinctively from the thought o 
carbon in any form in his sand, due to the possibility 
of carbon pick up by the steel. Figures 1 and 2 are 
representative of hundreds of samples. If carbon 


anv form is ever found to have possibilities in 
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ing the behavior of steel toundry sands when in con 
tact with liquid steel, the mythical danger of carbon 
pick up should not discourage the thorough investiga 
tion of this type of addition. Some carbon pick up 
trom the sand will be advantageous 

[hat changes in carbon and oxygen of the surtace 
ot steel in contact with sand are not due to tusion o1 
sintering of the sand is illustrated by Fig. 3. This 
particular sand melted completely when in contact 
with liquid steel, the fusion opening large voids and 
causing extreme penetration Note that in this case 
there is no oxidation or decarburization of the pene 
trated metal, even though this is an example of the 
extreme. This behavior has been checked a number 
of times with a number of types of sands. It would 
seem that fusion or sintering seals off the metal from 
any decarburizing or oxidizing gases, effectively pre 
venting any reaction and change in chemistry at the 
sand-metal interface 

So much tor carbon, hydrogen and oxygen. Chemi 
cal analysis ol penetrated metal should prove intel 
esting if for no other reason than to settle once and 
for all if there is any possibility that oxidation or 
volatilization of the steel plays a part in penetration 
and adhering sand. As a chemical solution must be 
made as the first step in such studies, carbon cannot 
be determined, but as has been shown previously in 
this report, carbon is influenced primarily by the 
gases of the mold atmosphere. However, an investi 
gation of the relative contents of manganese, nickel, 
chromium and molybdenum in the base and pene 
trated metal should throw light on this question. 

If metal penetration is due only in part to oxida 
tion and subsequent reduction, oxidizable elements 
such as manganese and chromium should be oxidized 
preferentially and be present in the penetrated metal 
in substantially higher concentrations than in the pat 
ent metal. Conversely, stable alloys such as nickel 
and molybdenum would not be oxidized and would 
not be present in the penetrated metal, although 
appreciable amounts be present in the parent metal 
If volatilization plays a part in the mechanism of 
penetration of steel, alloys with a high vapor pressure 
such as molybdenum will be present in the penetrated 
metal in larger amounts than in the parent metal 


LP ABLE 1—ANALYSIS OF PENETRATED METAI 





Sand Steel 
in in Analysis of Penetrated 
Iype Pene- Pene Metal 
ot trated trated 
Sand Mass Mass C1 


18% Cement 


Green 


1030 Core 
4140 Green 
1140 . 
0.40-0.60 

Mo. 
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262 Clue MIstTRY OF Liotup Steere IN Conr x 
I hie inalyses ot nine samples ol penetrated metal la to the sand voids ( ( ( ‘ 
are shown in Lable |. Although the samples are only ; , Phe conclusi¢ wihesinch tet 
, ( ess ot ec sam 1 S ol pcne ‘ woe 
from two steel foundries, there Is no reason to be lleve | | ‘ 
thie rie ive civ! Ot saik I¢ 
that they are not re presentative. As can be seen trom s 34.1 perce asthe eraue eight of ste 
lable | there ts no appreciable difference in the alloy The specific gravity of quartz bei 2 6 
' ) ) } ol f « ‘ P r} 
contents of the penetrated metal in comparison with e ratio Of tne copseeaieal \ ( 
\ vould be iS TOTO 
that of the parent metal, with the exception of a lowe 
manganese content of the penetrated metal in som« 
Cases Lhis decrease can be ex plained by oxidation \ 26 Xx 
at the sand-metal interface by the mold gases as de \ 650 BF 
tailed in the first part of this report a 
No silicon contents have been reported due to 148 
Per cent sand by volume Lin 
analytical difhculties. As considerable time is require d 1.48 100 
to dissolve the steel from the steel-sand mixture the Per cent sand by volume 
silicic acid has an opportunity to oxidize and is fil 
Assuming that th vords the old 
tered off as silica with the sand in the separation of ene 4 so 
ch seems quite loeica the mol ould c« 
the sand trom the steel sand and 40.4 percent voids 
S \ standard rammed sample under these 
ummary eigh 59.6 percent of 272 grams or 162 erams | 
Krom the evidence presented in this re port, the tol fair ram and represents without doubt a tt 
lowine conclusions can be made the mold than that indicated by the Committec 
: B. Caine lu s Written Re oM B 
1. Oxidation and decarburization of the surface ot I 
oO brings up an important point Although sof 
steel in contact with sand is due to a reaction with he resultant large voids between the sand grains 
the mold gases. Dissociated wate vapor Is the most cause of adhering sand, the sand areas under stu 
active OAS e\ treme penetration have been rammed to Hou 
evel Then why did the metal penetrate into tl 
2. Scaline during heat treatment will automatically | 
he specimens except the last were taken trom 
remove the decarburized surface, unless excessive. eeth of cast tooth gears, from cores and reentu 
. Evidence from chemical analyses of penetrated surrounded on more than one side by meta 
metal discounts oxidation or volatilization as mecha eated to a relatively high temperature. ‘The last 
iken from the bottom of a high vertical surface 
nisms of penetration of steel 
jected to relatively high hydrostatic pressure. Every 
. knows that these areas are most prone to adherin 
Mold Surface Committee Personnel ; : | 
Figures + and 5 are photomicrographs of the s 
|. B Caine, Chairman tracted trom two of the sands of Table | after « 
\. Rassentoss D. C. Williams steel from the mass with dilute acid. Again, ther 
ia V“\ Dietert I B Osborn no sign ot tusior or chemical change even nN 
; ; : fusable cement sand The grains are angular fa 
Charles Locke B.C. Oro ; , , 
ingular than the original sand, due to tragment 
H. M. Krane kK. J Jacobson ng and tragmentation seems to have been quite 
to either heat shock or stresses set up due to shri 
DISCUSSION steel. The sand grains adhere together slightly aft 
the steel, but the mass can be broken up with 
Cc. W. Brices, Steel Founders’ Society, Cleveland Dhe 
Co-€ ” Werner Finster, American Chain & Cable Co 
? line. Pa 
Reading, | melting point ot the 
H. H. Biosjo (Written Discussion Ihe Committee is to 
be congratulated on the fine photomicrographs of the sand pressure. Informatie 
metal interface of a casting and mold. That the penetration of 
Minne Elect Steel Castir Co., Minneapo vith at 





Fig. 4. Sand Grains Extracted from Penetrated Mass of Cement Fig. 5. Sand Grains Extracted 
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RELATION OF CUPOLA RESEARCH PROGRESS . 
DEVELOPMENT 


IN CAST IRON 
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Report of Chairman, A.F.S. Cupola Research Committee 


R. G. McElwee * 


PHERE APPEARS TO BE little hope of alleviation 
of the current critical situation on foundry raw ma 


terial, especially coke and pig tron. This has influ- 
\.F.S. Cupola Research Committee to con 


centrate their research effoits toward establishment of 


enced the 


such practices as will give the foundryman maximum 
results with presently available materials. Such a 
program can and does contemplate studies of cupola 
melting conditions which can be of considerable as 
sistance to the operator when and if better materials 
are available again. 

While a Study of fuels has been announced as a 
major study of the group, it is obvious that any con 
tributing factor to better and more efficient operation 
must be included in the investigation. 

Previous reports have indicated that the United 
States Bureau of Mines as well as the Canadian Bu 
reau of Mines have offered to and are contributing 
to the investigation of cupola fuel. Ford Motor Co. 
has given coke of different coking cycles for study and 
production and laboratory reports have been made 
which will be published in AMERICAN FOUNDRYMAN. 


Coke Quality Test 


It is the hope and aim of the committee to prepare 
a recommended laboratory practice tor the evaluation 
of coke which will permit the operator at reasonable 
cost and in minimum time to assign values to each 
shipment of coke which will enable him to differenti 
ate between lots on a basis of the amount necessary of 
each lot to attain reasonably constant melting practice. 
This is being done today by a rather costly and cum- 
bersome method. 

In the contacts which our staff have made to collect 
data it has become increasingly apparent that certain 
factors of control have sufficient bearing on results to 
justify inclusion in our study. 

One of the outstanding factors which has been so 


*Vanadium Corporation of America, Detroit 


established is the control of slag analysis. Reco) 
have indicated that a fluid slag of correct lime-sj 
ratio can contribute much to the success of car! 
recovery and iron structure. Records have been | 
of good, indifferent and bad cupola operations ii 

field and there has been found a remarkable y 
toward eutectics of lower melting point in sla 


quality of operation improves. 


Slag Fluidity 


Whether this is cause or effect is important but 
vital. What has appeared significant is the imp 
ment of certain operations when slag analysis 
altered to give greater fluidity and approach a pi 
termined lime-silica ratio. Reports have been rel 
on this phase of the investigation and the work \ tres 
tinues. See “Slag Control Is Important In Cupo lire 
Operation,” AMERICAN FOUNDRYMAN, p. 109, M ngs 
1948. In 

Correct placing of the charge, careful attentior nce 
blast pressure-tuyere opening ratios and other factor tem| 
within the control of the operator are being stu tem] 
and reported for his benefit. inc 

The outstanding fact which spurs the study and te: 
trigues the participants is the fact that we still ha aus 
with us some remarkably well operated cupolas, at the « 
certainly, we should be able to find and transmit | stres 
others the secret of their success. iil 

The Curota HANnpsook supply is practically e vad 
hausted. In spite of the remarkable success which this torti 
book has had there are a number of chapters whi OV: 
demand revision. Steps will be taken to complete this the j 
revision on the same basis as was used in the origi! n su 
the assignment of a subject to a ma these 
or men best qualified to handle the particular subje d 


publication, i.e. 


This work will progress as rapidly as is practical 1c 

Ihe success of this undertaking, the research 
the book depends largely on the broad participat 
of the members of the Society. Your cooperatio! 
therefore solicited for both phases. 














S)RESS RELIEF OF GRAY CAST IRON 










By 


J. H. Schaum 






relief tests made on the Naval Research Laboratory 
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f c relaxation machine and on a large number ol cast 
Oy» ‘ ) 
wheels contatning high stresses 

ft These studies showed that Statement of Problem. [Lhe objective of this work 
sof ie st rapid during the first hour at was to deve lop fundamental information on the stress 

i stress wrais ver Ou 7 mu! 1000 F but 

angen geet relief of gray cast iron 
femperature ts raised, and ’ nilta sfress and ° 

have ¢ mportant influence on the rate of Known Facts and Theoretical Consideration. — | he 
heat treatment. Observations of heat treat past studies of stress relief heat treatments for cast 

stressed cas heels revealed that i nadoo 





iron have resulted in a series of conflicting opinions 


nperature 600 F heat treatment are ineflective 








. ee and observations. The extent of this confusion will 
é furnace cooling after heat treatment pro 
residual casting stresses than air cooling, and (3 be readily appreciated trom the following summary of 
sts agree closely with results of stress relief heat a number of the papers written on this subject 
exp nenta castine . - 
a Prior to 1915 practically no investigations on the 
Introduction heat treatment of cast iron were reported. In the year 





i915, however, an anonymous autho reported that 






WITH INCREASED UsE of gray cast iron in highly 
5 5 casting strains in small hardware parts could be re 






essed mechanical parts, more attention is being 





lieved by heating for 8 hr at a dull red heat (1100 F) 





lirected toward adequate stress relief before the cast 
followed by very slow cooling for about one day 






ngs enter into service. 





( astings so tre ated were softened due to precipitation 





Internal stresses are generated in castings by differ 





' : of some of the combined carbon as graphite 
neces In rate of contraction of various sections due to - 
In 1917, L. M. 





Sherwin’ found that equivalent 





mperature gradients set up during cooling. Such 
5 I 5 5 strain removal was obtained by heating a series of low 





nperature differences usually arise from variations 





silicon cast irons at either 1100 F or 400 F for 24 In 





cross section and distance of metal from heads and 





followed by slow cooling 





es. The resulting stresses are often large enough to 





According to C. |. Wiltshire® casting strains wer 





ise cracks which may or may not be detected befor: - 
: ) completely climinated by heating slowly to 700 F, 





castings go into service, but in most instances the anthtees Cor T bee meal enakinn tn SO © in OO tee 
s ‘ ie > 4 - 





sses are not large enough to cause the casting to 





Harper and MacPherran‘ relieved casting strains by 
at 1150 F for | hr. With longer holdi 


: . ‘ the strength and hardness decreased materially 
tion o y . 
uring machining or in service since the re Rolfe 





until the added increment of a normal service 





times 








heating To 





id is applied. Internal stresses may also lead to dis 






heated iron in the temperature range of 750 






il of metal by machining disturbs the balan yf 2 
ig disturbs lance « F to 1850 F for | hr and cooled slowly in hot sand. He 





ernal stresses and causes distortion to take place 





concluded that casting strains could be removed by 





ch a way as to restore this balance. The relief of 





heating to 1110 F for | hr followed by slow cooling. 





nternal forces on heating is generally consid 





Tensile strength was reduced only 6.5 per cent and 





creep phenomenon in which the stress is re amines 2 & per cent 
< DO de 


through plastic flow. I. W 





Bolton® observed that strains could be re 





report describes the results of a series of stress - 
moved by heating slowly to 700-1000 F and furnace 
















cooling. In a later paper,’ he recommended 700 
H. Schaum was formerly on the staff of the Naval Re 800 F. 
Laboratory of the Office cf Naval Research, Washington Grotts recommended a 600 F anne al ton quick 





( é Metallurgist at the National Bureau of Standards 
ol bD. ¢ 


ed with permission of the U.S. Navy Department with 





strain removal, and |. A. Capp® advised that iron cast 





ings be stress relieved by heating to 930-1020 F for a 










sement of statements or opinions of the writer period of 4 to 10 hn 











2th) 


Benson and Allison found complet stress reliel 
alter a 6-hr soak at 1110 F but cautioned that increas 
in dimension due to oxidation commences at 1020 |] 
and becomes serious at 1110 fF 

Hurst'! recommended a stress relief te mperature ol 
750 I He stated that pearlit decomposition com 
menced at 840 F and cautioned against heating above 
Q30) | 

\ccording to Morken'? a normal treatment for re 
lief of internal stresses consists of holding 4 hr at 900 


F. Because of the graphitizing tendency of silicon, hi 
stated that it is advisable to use lowe temperatures 
lor high-silicon iron and higher temperatures for low 
silicon irons 

Le Thomas'* stated that the French Admiralty speci 
fication tor stress free cast iron requires a “prolonged 
heating to a temperature of the order of 930 F, but 
lower than 1155 I. followed by extremely slow cool 
Ing. The total duration will be trom 24 to 48 hours 

In a recent publication, P. H. Russell'* arrived at 
the following conclusions in his research on the sub 
ject ol stress reliel 

|. Exposure for four months to varying atmo 
spheric conditions and temperatures reduced internal! 
casting stresses about 15 per cent 

’. Heat treatment at 750 F was inetlective 

». Lemperatures in excess of 975 F were required 
to relieve 50 per cent of the internal stresses 

!. Internal stresses were not completely relieved 
at LI1O] 

) Thi physical properties ol the rons were not 
impaired by treatment up to 1110 F, except, that som 
falling off in transverse strength was occasionally eb 


served 
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ellect of Stvess relief le m perature on pe cent stress 


PEeMmMOT al. 


Figure |, taken from a report by P. H. Russell," 
depicts graphically the observations of a few addi 
tional mvestigators on the effect of stress relief tem 


perature on per cent stress removal. These excerpts 


F to 1150 F and soaking time trom 1 to 24 
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from numerous papers are indicative of 


ences ol Opinion On proper stress reliel 


ments. Recommended temperatures rang 


Experimental Procedure 


In the first phase ol this work, the eff 


and temperature on the relief of internal s 
studied with the aid of a special apparat 
the Naval Research Laboratory, known as a 
machine This machine, shown in Figs 
consists ol three essential parts—the furnace 


ing mechanism, and the extensometer cont 








Fig. 2 Relaxation testing machine 


\ test specimen, of the type shown in Fig 


by threaded grips in an electric furnace, B, an 
to any desired temperature. ‘Temperature contro 
D, maintains the specimen at constant tem] 


for the duration of the test. The specime 
stretched a definite amount by applying 


stress through the lever arm, A, by means ol G 
[he elongation is measured with extensomet 


the load with Ames dial, J. The machine 


for automatic operation. As the specimen 
plastically, due to the load and temperature 


on it, the extensometer contact, F, closes 


the motor, H, which reduces the applied s 
enough for the specimen to contract elasti 
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I huis I-spoked wie | Casting is i Je) l Dcc aus 
large stresses were present in the as-cast condition as 
a result of the thin spokes cooling taster than thy 
heavy rim lensile stresses are first set up inthe 
spokes tending to pull them away from th rim. Sic 


cast ron will flow readily at low stress levels and high 
temperatures, the spokes stretch to relieve the stress 
ture and 


ropoorn ft pei 


Phe spokes being colde reach 
stop contracting before the rim, whi mucs to 
contract and exert a Compressive stress on the spokes 
this wheel betore 


and alter heat treatment was determined by drilling 


Lhe magnitude of stress retained i 


reference marks approximately 2 in. apart on the rim 
and spoke and measuring the distance between thes 


10,000 of an inch with a Whitt 


strain gage Ihe rim was sawed on both sides 


= ate | 


of the relerence spoke so that both the rim and spoke 


marks to within | 


Ore 
























pen 


The 
oad 


STTeSS 








/ {—Relaxation test piece 


le extensometer contact, stopping the motor 


repeat d and the 


reduced 


above cycle continues to be 


on the specimen is gradually until a 


evel is reached at which the rate ol plastic flow 
slow that no perceptrble change is observed fon 
| hours. Thus the specimen is held at constant 
throughout the test. A movie camera equipped 


1utomatic device takes single frame pictures 


oad indicating dial and a clock underneath it 


a time versus load record iS obtained. \ at 


dese ription of the relaxation equipment is con 
in a paper entitled “Stress Relief of the Steel 
by E. A. Rominski and H. F. 


relaxation specimens were mad from a cast 


| avlor. 


special design developed at the Naval Re 
Laboratory (See Fig. 5). The four rounded 
were removed by sawing longitudinally and 
ichined as shown in Fig. 4. 

ition rates of these specimens were compared 
ress reductions effected by heat treatments of 


ial type ol casting shown in Fig. b. 





ot from which relaxation test specimens 
l 


made. 


Wee 
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measurement being made on the spoke 


the 
relerence 


in such a manner as to relieve 
1 he 


ks was then measured again and the 


tO move 


ral stresses distance between the 


net change 


licated the degree of internal stress. Figure 7 shows 


position of the reference marks, the saw cuts, and 


with the 
Since the expansion was much greater across the 


cuts in the rim than along the spoke, the forme 


easurements were used in tracing the removal of 
tress by heat treatment. 
[he first experimental work consisted of a series of 


Naval Re 


xation tests on a heat poured at the 


rch Laboratory to determine the general effect of 


ind t mperature. This was followed by relaxa 


tests on bars of different chemistry supplied by 
Gray lron Founders’ Society to find the influence 


mistry. Ihe analysis of these bars are given in 






















Stress relief studies were then made on some 
Papi CHEMICAL ANALYSIS OF GROUPS OF RELAXA 
11ION SPECIMENS AND STRESS WHEELS 
, Flement per cent 
N ( Si Mn S P Ni C1 Mo 
1.74 0.70 0.094 O11] 1.05 0.15 0.53 
s 19 0.85 0.044 0.115 0.10 0.47 0.42 
X 994 0.64 0.092 0.140 0.10 0.08 0.04 
4 2 33 0.62 0.124 0.244 0.10 0.03 0.04 
» 49 0.64 0.076 0.378 
2.15 0.69 0.118 0.138 0.95 0.25 0.04 
} 2.18 0.97 0.135 0.112 0.25 0.25 0.05 
1.70 1.13 0.109 0.064 0.10 0.10 0.03 
1.65 0.92 0.086 0.057 1.44 0.28 0.50 
1.90 0.89 0.089 0.097 0.10 0.20 0.04 
2.36 0.70 0.095 0.344 0.20 0.05 0.04 








Re scare h 


Naval 
the 


thie 
etlect 


stress-wheel castings poured at 


Laboratory to determine what cooling rate 


from the heat treating temperature might have, and 


then stress-wheels supplied by the Grev Iron Founders’ 
Society and poured from the same heats as the re laxa 
tion bars were heat treated using the cooling rate that 
the ol 


was found to introduce minimum Stress 


Discussion of Experiments 


Relaxation Tests. An investigation of effects of tem 


perature and time on relaxation was conducted on 


some Naval Research Laboratory experimental foun 
dry sand cast ingots containing 2.72 per cent C—1.97 
per cent Si—0.51 per cent Mn—0.080 per cent S—0.141 
wert loaded to 


2-0.4 


cent P. Relaxation specimens 


pel 


a value which produced between 0 per cent 


strain on the 6-in. gage length. As would be expected, 
was the 
ol 
Typical loading curves for three different tem 


As the 


stress 


the higher the testing temperature, the lower 


applied stress required to produce this amount 


strain. 
peratures are given in Fig. 8. in 


for 


i Inipe rature 


creases the strain any given increases: since 
gray iron has no definite yield point but instead a 
small plastic strain component at all stress levels, this 
strain represents both elastic and plastic deformation. 
at 


eflect 


Duplicate specimens were tested temperatures 
to 1100 F. The of 
temperature on the rate at which the applied stress 
Fig. 9. 


a slight effect on 


) 


ranging from 72 F testing 


reduced is shown in Low 
had 
stresses; 16 hr at room temperature had practically no 
effect. Treatment at 900 F only the 


from 14,000 to 10,000 psi in 100 min, but when the 


was temperature 


treatments only lowering of 


reduced stress 
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men tested twice at 900 F. 
testing temperature was raised to 1100 F, essentially was reloaded to the original stress level and 


complet relaxation took place in approximately ll4 
hr. In all 
the 


cases the rate of stress relief was greatest 


during first hour at temperature, and then de 


creased as the time increased. 


Of special interest was a test in which a specimen 


at t¢ mperature 
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second relaxation test. As may be seen in Fig. 10 












second relaxation rate was slower than the first 
cating a decreased rate of plastic flow. Thus only 
relaxation test could be made on each specimen 
Since these tests showed the ineffectiveness of 
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2. No correlation was found between relaxation 
rate and equivalent carbon 

. Figure 20 shows that if duplicate specimens have 
the same initial applied stress, the relaxation rate 


and completeness increase with testing temperature 


" 


t. In Fig 2? three of the specimens were loaded to 


inc 


different stress levels but tested at the same tempera 
ture, 1e., 1050 F. Comparing these three curves it ts 
evident that for any given temperature the higher the 


initial stress the faster the relaxation rate but the 


PER SQUARE 


longer the time required to reach any specific residual 
stress level. 


Figure 25 has been constructed from data contained 


POUNDS 


in Figs. 11 to 21. The various points on the graph 
show the original applied stress and the stress remain 


ing after 2 hr at the various testing temperatures. 


STRESS 


[The two curves bound the maximum and minimum 
points. Stress is lowered slowly and incompletely at 
temperatures below 1000 F, but rapidly and more 
completely at higher temperatures. The spread of 
data results from the differences in chemical analyses 
and in initial maximum stress. Since the modulus of 








. elasticity varies for each alloy, there is unavoidable 
300 400 
(MINUTES) variation in the ultimate load tor each test when load 





ing to 0.2-0.4 per cent strain on the 6-in. gage length 


ba he) 


TIME AT RELAXTION TEMPERATURE 

Nevertheless, the general trend of an increasing rat 

ig. 21 of stress relief at higher temperatures is clearly shown 

The relaxation data are summarized in a diflerent 

heat treatment of stress relief, the com manner in Fig. 24. [he points on this graph represent 

sand cast ingot specimens were tested in the the initial stress and that remaining alter the speci 

iture range of 800 F-1150 F. Figures 11 to 21 mens were held at 1050 F for the indicated time I he 

relaxation rates for the 11 groups of com- reasons for the spread of data have been previously 

cast Irons at various temperatures. The fol- given. The curves of maximum and minimum stress 

197 %P ng general observations may be drawn from these show the rapid initial rate of stress relief and the level 


ing off after the first hour at temperature 
By comparing the relaxatron curves of the alloy Ww 
Groups 1, 2 and 9 (Figs. 11, 12, and 19) —with Stress Wheel Tests 


ain carbon irons (Figs. 13-18, 20 and 21), it is Before conducting stress relief heat treatments on 


that the former require higher temperatures the limited number of stress wheels received from the 
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commercial foundries, an experiment was conducted 
on Naval wheels to determine 


the effect of furnace vs air cooling from the stress re 


Research Laboratory 


lieving temperature. 


Ch tollowing strain were ob- 


measurements 


uo ur 
Page 


tained in this experiment: 





Heat Treatment Rim Strain* (In.) 

of Wheel Air Cooled Furnace Cooled 
1 Hr at 1050 FT 0.0089 0.0034 
24 Hr at 1050 FT 0.0052 0.0019 


* As-cast rim strain—0.0183 





The difference between the residual stresses 
cooled and furnace cooled castings results from tl 
equal cooling rates existing between heavy ane | 
sections when air cooled; the slower furnace co 
keeps all parts of the casting at approximate!) 
same temperature during cooling. It is interesting 
note that | hr at 
results in lower residual stress than 24 hr at 
ture followed by air cooling. Thus air cooling ! 
introduce considerable additional 


reason furnace cooling was adopted for al! 


mp 
stresses Fon 


cial stress wheels studied. 


1050 F followed by furnace cool! 
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On the commercial wheels, studies were made to 
determine: 

l. The strain reduction effected by two hours at 
various temperatures, and 

9 The strain reduction effected by varying lengths 
of time at 1050 F. 

The procedure followed in treating the wheels was 
to place them in a furnace at room temperature, heat 
to the desired maximum, hold for a specified period 
of time, and then furnace cool. 

Although a casting may be held at the maximum 
heat treating temperature for only | hr, during the 
heating and cooling cycle the temperature of the 
casting is sufficient to effect further stress relief. There 
fore the extent of stress relief in a casting held | In 
at temperature will be slightly greater than obtained 
in a specimen held at similar temperature and time in 
the relaxation machine. 

The data on effect of temperature variation at con 
stant time are shown in Fig. 25. They are in agreement 
with the relaxation data in Fig. 25. The stresses in 
the rim are reduced only slightly by 2 hr heat treat 
ment below 800 F. However, 2 hr. at temperatures 
above 950 F produce substantial reductions of stress. 

In a test to show the ineffectiveness of long stress 
relief treatment at low temperatures, stress wheels of 
two different metal compositions were held at 600 F 
for 24 hr. Wheel A had an as-cast rim strain of 0.0174 
in. and a final strain after heat treatment of 0.0168 in. 
Wheel B tested 0.0187 in. originally and its duplicate 
0.0157 in. after treatment. ‘Thus appreciable stress 
reliel is not obtained at 600 F for one day. 

The data on effect of time variation at constant tem 
perature are summarized in Fig. 26. The temperature 
of 1050 F was selected because preceding experiments 
had indicated considerable stress relief action at this 
temperature. A marked reduction of internal stresses 
occurred during the first and second hours at tempera 
ture, after which the rate decreased rapidly in a way 
similar to the relaxation data given in Fig. 24. The 
spread of data has been previously explained. 

The results of tests on the stress wheel castings ap 
pear to agree closely with those from the relaxation 
tests. The advantage of the relaxation test for obtain 
ing stress relict data is apparent since one such test 
gives a complete stress-time curve while many wheel 
castings are required to yield the same information. 


Stress Relieving By Other Methods 


Since many foundries claim to have stress relieved 
castings by aging them outside for periods ranging 
from six months to a year, several tests were made in 
an attempt to evaluate this practice. In the first test, 
four stress wheels were poured from the same ladle of 
metal having a composition of 3.52 C, 1.93 Si, 0.46 Mn, 
0.130 8, 0.148 P. One wheel was sawed the following 
day and the others were allowed to age inside the 
foundry for varying periods of time. The following 
table summarizes the effect of time on stress reductions: 





Strain Observed in Rim 


Aging Time by Sawing 
1 day 0.0088 in. 
3 months 0.0088 in. 


114 years 0.0089 in. 





Srress RELIEF: 


Indoor aging obviously did not 


stress in these wheels. 


The effect of outdoor aging has been sai 
to the alternate heating and cooling of 1 
rapid check on this theory was made by 


stress wheel in a drvy-ice box at 0 F 


transferring it to an oven at 220 F for 2 hn 
complete cycles of alternate heating and « 
rim was sawed and 0.0191 in. of strain was 
Before this treatment, a duplicate wheel sho 
in. of strain. Thus only a small amount . 
duction was obtained by this treatment. 
Besides the temperature changes which ¢ 
subjected to in outdoor aging, the possibili: 
rosion relieving a part of the stresses lock 
outer skin of the casting has been suggested 
mine the effectiveness of such corrosion. 
was conducted by completely immersing a stress y 
in a 6 per cent solution of sulfuric acid for 20 mi; 
a temperature of 165 F. 


OF 


Sawing of the whee! rev 


ipid 


a residual strain of 0.0150 in. compared with J 


cast strain of 0.0164 i 


rosion might contribute slightly toward relict 


ing stresses. 


The manner in which stresses are generated i 


1. From this observation 


test wheel were described earliet 


DO 


rt 


addition to the stress induced by differential co: 


some may result from 


mold offers to the contraction of the rim as it ¢ 
The possible magnitude of this effect was det 
by ramming a pattern in the space between th 
and rim so that relief cavities were produced wiil 
proximately 14-in. side wall of sand between the out 
periphery of the cavities and the inner contour of | 
wheel. Two wheels were poured with and two wit 


these cavities. ‘The strain 0.0218 


the resistance 


0.0222 in. on the two wheels 


0.0211 and 0.0177 in. on the wheels with 1 
ties. The difference is not great but does show a t 
in the expected direction. Another way to reduc 
restricting eflect of the sand is to shake out th 


ings shortly alter pou 


be helpful is shown by the data in the following | 


which lists the strain 


wheels poured from the same ladle of metal 
shaken out at various time intervals. 


amounted 
without 


the 


ing. That this practice 


measurements 


on 


ia 


CaVvilies 





Casting 
Number 


L 


ot m& oor 


Time 
Interval 

5 

10 

20 

1 Hr 20 
13 Hr 36 


Min 
Min 
Min 
Min 
Min 


Ri 


Stra 
0.4 
0.004 


0 O0O84 


) 





Up to about the first hour after pouring the strat 
creased with time, after which it remained consti 
indicating that the resistance offered by the sand 
increase the degree of internal stress. 


Conclusions 
A. Relaxation tests indicate 
1. If the initial stress and the composition ol sp 


mens are the same, the relaxation rate and 
stress reduction increases as the temperat 


creased. 


leort 





ress reduction is slow below 1000 I 
stress reduction is most rapid during the 
nperatur and decreases as the time at 
ncreases 
given temperature, the higher the initial 


ter the initial relaxation rate but the 


required to reach any specific 1 sidual 


ms require highe temperatures and ‘on 
times to re ich the same stress level as 


rons 


el tests indicate 
urs at temperatures below 800 F are in 
reas above 950 F substantial stress reduc 
ted in the same time 
atest reduction of internal stresses occurs 
st hour at temperature 
reatment at 600 F for 24 hr shows prac 
tress reduction 
ling after stress relief heat treatment may 
msiderable additional stresses which do 


with furnace cooling 


sts Indicated 


yy aging is an ineffective method for stress 


nate heating and cooling of stress wheels 


F and 220 F produces only a very slight 


ction 

osion of stress wheels with a mineral acid 
very slight relief of internal stress 
esistance of the mold sand may hinder the 
of a casting in such a wavy as to materially 


le internal stress 


laxation machine gives a good indication 
ss-reliel characteristics of gray cast iron and 
is information more easily than can be ob 


ictual castings 
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DISCUSSION 


BORNSTEIN, John Deere ‘ line. I 
D. A. Pauw, Sealed Po orp., Muskegon 


I want to congratulate I ul ‘ on present 
we needed to i long time ’ felt that 


the old stress relief temperature ranges wel , too low 


ind that revision was badly needed 1} 1 t iy pro 


vides the required data 


[here are two points I should like ) } ip I do not 


mean to contuse the paper but there are tempera 


tures of 400 to 600 F. tor example for martensitt hite irons 


that are spoken of as stress relief temperatures \lso it 
treaters of quenched allov steels speak about sti reliet at 
100 to 100 I I think we should enter tor the 1 i these 
treatments iccompltisl MUICTOSCOPIC SLTeSS reliel it martensite 
ind this paper covers the grosser types of stresses 

I know the iuthor realizes the dangers ot etting nto strud 
tural changes along with this stress reliet It makes the data 


more complicated but we have been doing some ork recently 


trying to balance stress reticel temperature ivwainst change in com 


bined carbon. I should like to recommend tl the combined 


carbon on the specimens tre ited at 1000 F on wove be checked 


lealing with two types ol vray rons, one 


We recently have been « 


with approximately 3.40 per cent total carbon and about 2 pet 


cent silicon Ihe combined carbon in that material beg 


drop off rapidl it about 1050 | If vou go into the 


structure you can expect a more rapid 


relaxation 
other iron wa lower carbon tron witl ipproximatel 
total carbon and about 1.80 per cen lico 
lo not get the change in combined carbon 


proximately L100 but there again where 
iron vou need a higher stress lief tempera 
I would like to discuss the ro 


irons require a longer time tempera 


It 
is-cast tensile strength in les tlloved mater 


reviewing those data I l here we ca 


ibout stress reliel That is, if vou make a cast 


tensile spec fication ind then stress relieve it 


stress relief it should still be a 50,000 psi tensile | heretore 


the role of allovs should be caretully considered 


CHAIRMAN BORNSTEIN On one ot our machines hacl the 


problem of reducing the internal stress 1 


nm the heels heel 


isa built up structure Ihe rim and the spokes . ind 
the gray iron hub 1s cast u We tound that ) ret 


idequate stress relief at the usual temperatures up 1000 or 


1050 I The wav we were able to solve that problem is to put 


localized heating on the spokes ind get plastic detormation there 


to relieve the stress In that case instead of the t pe Strain vayve 
used here, we used SR-4 strain gages We found renerally 
true that with closed structures, such as wheels, it is difficult to 


find adequate Stress it lowell temperatures Ii this pal 


ticular case we had to go up to fairly high temperatures with 
very short time intervals, heat a short section of the spoke and 
get plastic detormation there in order to get stress reliet in the 


wheel 

MEMBER Did the author say that after taking the castings 
out and cooling them they would still retain about three times 
» about 


of 15-Ib 


the strain? If you cooled the castings in the furnace, t 
what temperature would you cool them? | am thinking 


castings 
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Mr. SCHAUM Due to limited time and castings we did not 
make any attempt to establish the optimum temperature for 
withdrawing castings trom heat treating furnaces. In most 
stances the furnace was about 300 F when the castings were 
removed. However, in vour case I would recommend that vou 
establish a practice by experimenting with some test castings 


Results may vary with each alloy and with the nature of the 


casting. | imagine with certain castings that have no changes i 


1050 } 


cross sections vou might be able to air cool them trom 


but with castings that are likely to set up stresses during an 


{ 

cooling furnace cooling vould be idvisable 

I realize that in industry vou do not like to tie up vour heat 
treating furnaces with slow furnace cooling operations but an 
our experiments we did furnace cool to about 300 T 

W | Burcu In the commercial test wheels referred to in 
this paper vas a specified shake-out time interval followe 
the producers ot the castings 

Nir. ScHAUM No, there was not. We took them as © m 
ceived them, in the hopes that they were a shaken out at ap 
proximately the same time 

Mik. Borcut What brings that question to mind is your 
statement that following heat treatment of the wheels the an 
quenching put back into the casting stresses that would have 
been relieved with a slow furnace cool. In another example vou 
mentioned that the magnitude of casting stresses would be the 
same in one casting shaken out 5 min after pouring as would be 
found in the same casting if it had been shaken out 1! hi 


later Would it not be true that the 5-min shake-out would 


build up stresses due to air quenching that would not have re 


sulted if the casting were left to cool slowly in the sand? 


Mik. SCHAUM That is a good point. We had only our experi 


lata to substantiate that observation. When we shook 


mental da 


the castings out they were very hot. I suppose they were at least 
1800 F, and they had to pass through a phase transformation 


certainly before they got down into a zone similar to our heat 


treating temperature ranges. Perhaps the explanation lies in 
the fact that in one case vou are coming through a phase trans 


formation and in the other case you are not That is only a 


thought on it 
H. K. MeGratu (Written Discussion In Fig. 10, the differ 
ence was shown between the stress curve covering an initial 


heat treatment and one also of a second heat treatment. We 


do not clearly understand why the second heat treatment should 
produce a somewhat parallel curve to the first treatment if the 
Browr Industrie I Sandusky On 


Alt Foundry & Machine Work In Lancaster, Ohi 





Stress RELIF!I 


ypreciable ettect upor 


into the eflects « 


subject of stress reliet 


original stress of 


to relax throug! medium of plastic 


tion which indicates a reduction in plasticity 


ings which were 


sand for longer periods of time, the pearlite an 


was done to evaluat 


was theorized that early shake-out 


during which stresses were generated in the 


purposely kept the 


as low as practical in order to minimize the influenc 
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\ STUDY OF FACTORS AFFECTING 
POURING RATES OF CASTINGS 


By 


J. G. Mezoff and H. E. Elliott 


1BSTRACT 
s importantly afle 

this work vas 

system de sign 

nesium alloys 

principles which were established 
ar meta 


of the 


SELECTION OF THE PROPER POURING RATE for a 
isting is important. Many quality factors may 
idversely affected by the choice of a pouring rate 
ich is either too fast or too slow. No less important 
n the selection of the proper pouring rate is the 
| of the rate for all molds made from the same 


ttern 


Work described in this paper was undertaken in an 
ttempt to determine which factors of gating system 


\ 


re 


sprue 


ign importantly affect the pouring rates of castings. 


l 


though the work was conducted using magnesium 


vs, many principles were established which are ap 
to any casting alloy. Since in practice most 
ymen control the pouring rate at the sprue, the 
sent work centered attention chiefly on the effect 
ind pouring cup design, although other found 
variables were also investigated. 


Experimental Work 
lanning the work, the pattern described in Fig. 


was designed. It consisted of a series of interchange 


sprues (4), a basin (B) which holds about 30 Ib 
\Z605 alloy (Al, 6; Zn, 3; Mn, 0.2 percent; remain- 
Meg), a 4-in. diameter vent (C), and a boss (D). 
rue was molded in a position directly over the 
that a gate or runner was not required. In 
the sprue itself controlled the pouring rate. 
ited steel pouring basin, 5 in. deep and 10 x 5 
rizontal section was used. The sprue was lo- 

ir one end of the basin. 
curate timing an operation time recorder was 


off, Manager, Saginaw Bav Industries, Inc., Bay Cits 
erly with The Dow Chemical Co., Midland, Mich 
iott, Metallurgist, The Dow Chemical Co., Bay City 


used. Copper wires with high-temperature insulation 
were connected to the recordet The other ends of the 
wires were rammed-up in the mold in such a way that 
they were flush with the surface of the casting cavity 
thus forming a point contact with the metal when it 
reached that position in the mold. In this way one 
contact was placed in the pouring basin, and the othe 
in the boss on the casting Cavity Lhe elapsed Lime 
between the moment the metal entered the pouring 
basin and the moment the casting cavity filled com 
pletely was measured. The pouring rate was calculated, 
using weight of complete casting minus that of vent 

The function of the vent was to minimize the “water 
hammer” effect which tends to raise the cope of an 
unrisered mold. The lower contact was placed in a boss 
to avoid a possible premature contact caused by turbu 
lence of the metal surface as it rose in the basin 

In all cases, unsuperheated commercial AZ63 alloy 
was used. This was melted in steel crucibles undet 
crucible-type flux. Unless otherwise specified, the 
sprue length (cope height) in all cases was 12-in. and 
the pouring temperature 1400 F 


Reproducibility of Pouring Rates 


All of the data gathered in these studies are pre 
sented in graphical form. It was not considered neces 
sary to present the voluminous data in tabular form; 
instead, the typical spread of values is indicated by 
plotting each test made as a single point (Figs. 2, 3, 
1, 5,6, 7 and 8). In all other graphs each point repre- 
sents the average of data from at least three and in 
cases as many as 15 tests. In such cases, the spread of 
values obtained is not indicated 

\ wide spread of values was observed in most of the 
test results. Under the best controls achieved, repro 
ducibility of a result was only fair from one test to 
another. It is considered that the most likely cause of 


poor reproducibility lies in the pouring practice by 
which the metal is transferred from the crucible to the 
sprue. Pouring into one end of a rectangular pouring 
basin gives rise to considerable visible turbulence, 


especially at the beginning of the pour. Then too, it 
is difficult to duplicate exactly the effectiveness with 
which the pouring basin is flooded with metal at the 
beginning of a pour. Especially at the more rapid 
pouring rates were these probiems troublesome. A 


























280) 
16% 
\ ahs ae a% | 
_ Se 1 sh 
my 
—====:_ = = i 
- yj 
Cy “s 
. Q 
‘ 
— 4 ’ 
- - ~ 
] 7, a i nts 
(a) Loose —+ | 
SPRUE | 
fe—VENT (Cc) 
| BOSS (0) 
| 
x 
gE =. 
8) easin— | 
. 
i = 
wal et, AL 
| eo at | wn \ 
a } ! = —___—¢——__ 
a 15 % al 7 9% 
hig. 1—Diagrammatic sketch of sprue test casting 
designed for testing pouring rates of sprues. 











substantial part of the lack of reproducibility observed 
in these tests appears to be fundamentally a property 
of normal crucible pouring practice. 
Effect of Sprue Cross-Sectional 
Rate—The graph in Fig. 9 shows the effect of sprue 
cross-sectional area on the pouring rate of the test 
These results were obtained using untapered 


frea on Pouring 


casting. 
sprues of various cross sections on the test casting, and 
measuring the resulting pouring rates. It is interesting 
to note that a straight-line relationship between sprue 
area and pouring rate, as has been suggested by othe 
writers,” does not exist. 
creases, the area becomes less and less effective in de 
livering metal to the casting cavity. It is probable that 
the chief cause of this reduced effectiveness of area is 
the increased turbulence at the upper mouth of the 
sprue at the higher pouring rates. Another contribut 
ing factor may have been the greater difficulty with the 
larger sprue areas of flooding the pouring basin at the 


\s the sprue cross section in 


beginning of the pour. 

It is also noticed in Fig. 9 that the round sprues 
poured faster than rectangular sprues of like cross 
sectional area, and that slot sprues consisting of thin 
slots poured more slowly than those consisting of thick 
slots, total cross-sectional area being the same. In an 
other paper * the authors have presented evidence that 
the restriction to flow offered by a round, untapered 
sprue is centered at its upper mouth, while with slot 
sprues, the sidewall resistance is also significant. It is 
apparent that, through some such mechanism, sprues 
having a large ratio of cross-sectional area to cross 


sectional perimeter pour more rapidly than those hav- 
ing similar area but a lower ratio of area to perimeter. 
In Figs. 2 and 3 are plotted additional data showing 


FACTORS AFFECTING POURING Rares « 






































2 | _|- 
. 
7. 7 
7 
. : 
3.3 . 
3 
re] 
. 
' 
= 1.0 
Qa 
Vv 
z 
F , 
> AREA = 0.787 SQ. IN 
2 
0.5 
.e) - 
fe) 1 2 3 4 5 6 7 8 9 “. e 
PERIMETER /AREA 
Fig. 2—Effect of perimeter area ratio upon 
rate of sprues having the same cross-section 
0.6 
¥ 0.5 
Ned . 
P : 
~ 0.4 } 
. 
& 0.3 . 
« AREA = 0.196 SQ. IN. 
2.0.2 : 
a 
> 
2 0.1 
re) 
12 13 14 15 16 18 
PERIMETER /AREA 
Fig. 3—Perimeter/area ratio effect upon pouring 
of sprues having the same cross-sectional area 
" 
6 
3S . 
“ 3 
2° é 3 
ad . e 
a] i | 
a 
= . . 
< . 
a 
oO 
z 
a* 
a 
1 
1200 1300 1400 1500 c 
POURING TEMPERATURE - F 
Fig. 4—Pouring temperature effect upon the 
rates of sprues having diameters of 1 0 
Fig. 5—Sprue length effect upon the pouring 
tapered sprue. placed small end dow? 
6 36 
Z z 
a ae 
> 5 ' + + . — 1300s 
ar oe a ee 
4 i 4 24C 
5 
«3 | 1180 ° 
_ $ SPRUE - 1” D. AT BOTTOM P 
z 3° TAPER z 
& 2 POURING TEMP.- 1400 F 11208 
> 5 
i _j 60 
3 a 5 6 7 8 9 10s 11 12 14 


COPE THICKNESS (SPRUE LENGTH) - INCHES 








~s 
rs 
- 
< 
6 
z 
x 
re 
ou 
| 
1] 
ill 
rT 
\ 
& 7 
yu 
the 
(TO 
Ol 
it¢ 
if 
VU 
~ 
i) 
NC 
@ 
¢ 
\ 
a 
- 
<a 
& «z 
6 
) 
z 
x cr 
5 \ 















FE. Ectiom O88] 


Ey snp H 








































































































































on 
e° z 
Ww 8 = 
Ye } + ° t 300 ~ 
~ $ Pe 
a <— . } a 
, 4 ; 240 
wW os 
. -_ - <a 
' < 
e 180 = 
. 17 =) 
> e t#2 D. NO REAMING, POURED AT 1300 F z 
: = “ 120 x 
.* o 1¥ D. REAMED AT TOP, POURED AT 1400 F a 
O a 
6 7 8 9g 10 11 12 13 i4 15 16 
COPE THICKNESS (SPRUE LENGTH) - INCHES 
showing pouring rate of 11% in. diamete ships are understood by assuming the following prem 
affected by the length of the sprue. ises: (1) the resistance to metal flow of an untapered 
round sprue is concentrated at the upper mouth 
of this area to perimeter ratio on the pouring the resistance to flow offered by a tapered round spruc 
| 
rues of equal cross-sectional areas is not concentrated at the upper mouth, but may be 
Pouring Temperature on Pouring Rate concentrated at the base if sufficient taper is present 
10 and 11 show the relationship between and (3) the sidewall resistance to flow of a slot sprue ts 
: Slo ‘ ‘ ( at t s 
emperature and pouring rate of various ignifi int with respect to that offered { he pruc 
Ficure 10 again shows the effect of the ratio preci [hese same assumptions about sprues of vari 
° irea to sprue perme ter on pouring rate \ _— Geng wen successful in xplaining aspiration 
ture range of around 1400 F appeared to give effects in other studies 
’ 
] a , - 4 
st rapid pouring rate for a given sprue. A con Resistance to Flow 
hig \ uring t atu ally 
_ or lowe) po ring —_ : re _ | With untapered sprues, the only significant resist 
in ; wer rate oO ur. } ect Oo wel 
aliecticepeateatn ts a =s . “8 si ance to flow appears to be at the upper mouth of the 
— ratu may b - om \ \ 
é an} 7 Phas ali pe ae one sprue. Resistance to flow offered by the sidewalls seems 
2 oe ages ae ome. le elect O 7 — to be of a lesser magnitude not significant with re spect 
Tl < oOo < < < 
i pnd ee ee a oka ( rw to that of the upper mouth. Hence. the total length 
creased evolution OF gases trom the moid materia of the spruc has no be aring on the rate at which an un 
| increased reaction of these gases with the metal to tapered round pru will deliver metal 
« s { cit ( { « 
a 0 | Ss "Le < - ¥ 
x The effect of retardation of pouring rat When the ratio of cross-sectional perimeter sins siti 
gh pouring ee ~e particularly — sectional area is high, as with a slot sprue, the sid 
siot spru wel used . 1€@ entrapment v% 
P - mi ™ hits ; = ere wall resistance to flow becomes significant with respect 
spruc UnCer Uhese CONGITIONS Has Deen Hote Dy to that of the sprue mouth. Hence, the length of a 
iuthors in another paper ” 
. ] h Ef I Pp R | slot sprue, as well as its cross section, influences its 
Spru ength Effect Upon Pouring Rate—Figures 5, wn 
' 8 and 12 show (1) that the length ol ante ered ee 
rh ; ne or" I ' With tapered round sprues, the total resistance to 
nd § ¢ . > ‘ ‘s: 9 
ag s does not al ect their pouring rates; (<) flow will be the sum of component resistances offered 
ngth of sprues tapering from a larger circula by the upper mouth, the sidewalls and the opening at 
oss section at the top to a smaller circular cross sec 
m at the bottom has pronounced effect on pouring 
a ite; and (3) that the length of slot sprues has a small hig. 7—Graph showing the effect of the sprue length on 
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If only a slight taper is present, the upper 
mouth may offer the only significant resistance. If 
taper is extreme, the size of the opening at the bottom 
end of the sprue may be the only significant factor 
controlling the rate of pour. At intermediate degrees 
of taper, all three components may be significant. In 
any case in which other components than the uppet 
sprue mouth resistance are significant, the sprue length 


the bottom 


will affect the pouring rate. 


Influence of Metal Depth in Pouring Basin on Pour 
ing Rate—Figure 13 shows the effect of the depth of 
metal in the pouring basin on rate of pouring. It is 
seen that for the round, untapered sprues tested the 
depth of metal in the pouring basin profoundly affects 
the pouring rate. This is easily understood when it is 
considered that for such sprues, the only significant 
restriction to flow is offered at the sprue mouth; and 
that, therefore, the height of metal over the sprue 
mouth in the pouring cup is the driving force con 
trolling the flow rate. Benkoe ' has assumed the pour 
ing rate of sprues to be a function of the total length 
of the sprue plus the height of the pouring basin. The 
data herein presented indicated that only the depth of 
metal in the pouring cup affects the rate of flow where 
untapered sprues are involved. 

For sprues tapered with the large end up, it is to be 
expected that the metal depth in the pouring basin 
would not have so great an effect, since the sprue length 
would also be a component of the head of metal, pro 
vided that there is sufficient taper to the sprue. 


Sprue Mouth Design and Pouring Rate—Figures 6, 
7 and 8 show the effect on pouring rate of “belling” 
the mouth of the sprue in such a way as to lower the 
resistance offered to metal flow at this point. The in 
crease in pouring rate which resulted from reaming 
out the mouth of the sprue was greater than could be 
explained by the increased head of metal above the 
unreamed portion of the sprue. Therefore, a part of 
the increase in pouring rate had to be attributed to 
improved entry conditions at the sprue mouth. 

Relationships between sprue design and pouring 
rate established in the foregoing experimental work 


Fig. 8—Plotted test points show effect of sp) 
on the pouring rate of a slotted spruc 


provide a basis for varying the pouring rate of 


ings at will by several alternate methods; and by 


lineating those factors of sprue design which imp 


tantly affect pouring rate provide a basis for prevent 
ing large variations in pouring rate from one mold 


another from the same pattern. 


Considering first untapered sprues of circular cros 
section, the most obvious factor of design affect 


their pouring rates is their cross-sectional area. | 


arriving at a suitable pouring rate for a given casting 


the foundryman varies the diameter of the sprue unt 
I he other 


the desired pouring rate is attained. 


factors affecting the pouring rate of the sprue ar 
depth of metal in the pouring cup and the desig 


lig. 9—Pouring rate at temperature of 1400 I 


enced by cross-sectional area of the spruce 


ni 
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yuth of the sprue. The total length of an 
ound sprue has no effect on the rate at 

deliver metal to the casting (assuming 
ng is so designed that the pouring rate ts 


the spruc 


Pouring Rate Reproducibility 

se considerations, conclusions can be drawn 
factors of sprue design must be most caré 
jiled in order to secure maximum repro 
f pouring rate from one casting to another. 
em that three factors would be of first im 
1) there should be a minimum of “rap 
e sprue pattern to avoid variations in the 
sprue cross section; (2) the design of the 
ith of the sprue should be as standard as 
ym one mold to another; and (3) the pow 
ould be so chosen that it will be possible to 
depth of metal in it as closely as possible 
tant than the absolute amount of variation 
f metal in the pouring cup from one pour 
is the ratio between this absolute amount of 
ind the total depth of the basin. The de pth 
in the basin is the “head” forcing metal to 
eh the sprue mouth, and relative deviations 
yunt of this head will produce corre sponding 

viations in the pouring rate. 
» be mentioned that these relationships hold 
in the case of a permeable mold material. A 


ntapered sprue through an impermeable mold 


might retain an unbroken column of metal 
oughout a pour due to the action of atmos 


pressure at the bottom of the sprue. If this 
ied, the total length of the sprue plus the depth 


in the pouring basin would be the “head’ 


Influence of pouring temperature and number 


upon pouring rate of 3/16x2 in. slot sprues. 
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Fig. 1] Graph plotted fo shou the @Cflect of pouring 


lemperature upon the pouring rate »f ound sPrUues 


tending to force the liquid through the sprue system 

Neither do the same relationships appear to hold 
true in the case of tapered sprues with the small end 
down, nor with slot sprues. In both cases, the sprue 
length may be an important factor affecting the pour 
ing rate of the sprue. Considering first tapered sprues, 
the degree of taper is of importance. If only a slight 
taper is imparted to the sprue, the upper mouth will 
remain the “bottleneck,” and the sprue will behave 
exactly like an untapered one. As the degree of taper 
is increased, a point will be reached at which the siz 
of the opening at the bottom of the spruc will become 
so small as to offer a significant resistance compared 
with that offered by the upper sprue mouth. At this 
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FACTORS AFFECTING POURING Rates 




































































Fig. 13 Graph showing effect of pouring basin height 5 > 
upon pouring rate for sprue of 12-1n. length. 
T a ) 
point the sidewall resistance of the sprue may also be 4 4 
significant. As the degree of taper is further increased, 
the opening at the bottom will become so small that + 
: : : ‘ e 
it will be the only significant resistance to flow in the 2 
system. At this stage, the “head” of metal forcing metal ' 6 
through this orifice will be the total length of the sprue ws 
° ° a 
plus the depth of metal in the pouring cup. Hence, « 
for tape red sprues, the depth of metal in the pouring g2 + 1 © 14! 0. UNTAPERED spRuE 
cup Is unlikely to have as great an ettect on the pouring x o %" 0. UNTAPERED sPRuE 
rate as it does with untapered sprues. With sprues & 1 t T T T T y = 
having a large amount of taper, the design of the upper 
mouth of the sprue is unlikely to be critical. It should ' 6 
be pointed out that the use of tapered sprues with a | | Eee ne ae a . 
degree of taper sufficient to make the bottom opening aT 
the only significant source of flow resistance is likely O¢ 
to produce extremely large linear velocity of the metal fo) 1 . = = 2, »@ 7 8 9 
through this orifice, and that due to this “spurting” SEPT GF CET HOCUS CN ~ MCS 
such problems as turbulence with light metals or sand ; 
Slot sprues also act somewhat differently fron 
wash with heavier metals would tend to be aggravated. ong , 
; a untapered round sprues. While the resistan¢ 
The optimum amount of taper for a round sprue as: 
at the upper mouth of slot sprues is significant 
would be that degree of taper at which both the sprue eee. 4 pene . 
: Fig. 8), it is indicated that the sidewall resistan 
mouth and the bottom opening offer significant re ; 
5 aes el also a factor affecting the pouring rate . This is 
sistance to metal flow, thus preventing “aspiration 
: : clude oO e tac é es e length appears 
luded from the fact that the sprue length ap, 
effects ° and also excessive velocity at the sprue base. 
tsa have a small effect on the pouring rate of slot sp 
Unfortunately, quantitive work describing this opti 
mum degree of taper for various sprue lengths and Bibliography 
pouring rates has not been done at the present time .. < Benkoe, “Determination of Sprue Size In Alum 
Castings,” The Foundry, November, 1944, p. 88 
2. H. E. Elliott and J]. G. Mezoff, “The Effect of Gating Des 
Fig. 12—Curves plotted to show effect on pouring on Metal Flow Conditions in the Casting of Magnesium A 
rate of le noths of sprues of various sizes and ty pes. American Foundrymen’s Association, PREPRINT 48-6 
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A SURVEY OF SIEVE SERIES 


AND GRADE SCALES 


By 
Robert E. Morey 


{BSTRACT weathering or disintegration of rocks, with s 
In this pape ¢ author made a survey of existing sieve series leaching by rainwater, leaving grains of 
ind grade scales for determining particle size of particulate other minerals. ‘These grains may be transport 
materials He discusses the good and the bad points of the ‘ : 
saath aes denied dadaiidh iis, @iies Aes ah Wie aieiiiin Wie mane tai sorted by both wind and water and during 
hoses a grading system which combines the best features of ess receive some grinding. 
exis systems to produce a uniform system which may be also result from glacial action. 
SPOS 50/er Ut Se ae Pee le sizes 11 rial as found in nature is the 
science and indust : 
processes which produce an 
PARTICLE size and distribution are of great im grains with an almost infinite 

portance in many branches of science and industry. sizes. It has been established 
Particle distribution determines the packing chara sorted by natural or artificial 
teristics of such materials as concrete aggregate where through several different sieves and the total ay 
dense packing is sought, as well as filter sands where coarser than each sieve is plotted against th 
open packing is desired. ‘The surface area per unit the sieve opening, a curve results in which mos 
weight is important in controlling the rate of chemi the data is crowded toward 
cal reactions and in processes such as the bonding of graph. By using a logarithmic 
molding sands where the sand surface must be coated size scale it is possible to compress the sca 
with clay or oil. The study of particle size and distri coarse end of the range and to expand it a 
bution by many different industries and sciences, fre end of the range so that the data is well distrib 
quently without cognizance of the work done by over the graph. The resulting curve frequ 
related industries and sciences has led to many systems sembles an elongated letter S and is known 
of measuring and describing the sizes of particles. The mulative curve.” In order to avoid the 
systems or tools usually used for measuring the large using a logarithmic size scale 
particles are sieves or series of sieves and the arbitrary made with a “built-in” logarithmic relation 
scales by which they are described are called “Grade the relation between the sizes of openings 
Scales.” Many of the branches of science and indus ous sieves are in geometric proportion. When a s 
try which are dependent on the measurement and con ple is tested in such a series and a cumulatis 
trol of particle size and distribution have originated is made, it is only necessary 
their own sieve series and grade scales with the result between the ordinates for the various sieves 
that there are now many grade scales and a wide bein! states that the increased symmetry of t! 
variety of sieves w'th different openings and wir when using a logarithmic instead 
diameters. The purpose of the present report is to size scale is ample justification of the procedu 
examine the literature and collect the records of almost every case test results are plotted to a log 
various grade scales and to study their good and bad mic size scale either by direct use of a logarit! 
pots. or by plotting successive sieves in a logarithmic s 


General Discussion 


Particulate materials are formed by natural or arti 
For every cumulative curve 


ficial means. Natural means include such processes as 


Grinding and 





to use equa 


at equal intervals along the size scale. In 
the shape of the resulting curve is the samé 


size frequency curve. The frequency ¢ 


ing 
first derivative of the cumulative curve and 
*Published with permission of the I S. Navy Department, the cumulative curve is the integral of the 
Naval Research Laboratory without endorsement of statements curve. At any particular point along the siz 
or opinions of the writer Ihe author is on the staff of the 
area under the frequency curve up to th: 


Naval Research Laboratory, Office of Naval Research, Washing- 
ton, D. ¢ 


g 


proportional to the height of the ordinate 








\ cumulative curve may be plotted 


{ sieve data and an accurate size tre 


iv be obtained by graphically ditteren 
ve as Shown in Krumbein’s work. Fre 
an attempt ts made to plot a siz 
directly by using the amounts passing 
retained on the next finer sieve and 
is a function of the size of the fine 
ise, the amount of material passing one 
ned on another obviously depends on 
both series and the ratio between then 
in a sieve or any departure trom a truce 
tio In the SICVEeS will caus a scrious 
ipe of the curve The sieves in the series 
ly spaced in order to permit a smooth 
awn and they must extend in both direc¢ 
the total sample is included in order to 


With so 


s of error to be avoided, it 1s not surpris 


wies at the ends of the curve 


that frequency Curves produce unsatis 

\\ curve showing the size distribution of a 
been produced, its position and shape give 
information as to the physical characte 
just from visual examination. More a¢ 
iption or evaluation may be obtained by 
rtain coethcients or parameters derived 


rves which Aare described briefly bye low 


Sieve Series and Grade Scales 


. ide of woven wire, silk, o1 pe rlorated plates 


in use for a great many years tor measul 
Nest 


ntly used which are made so that a flange 


si of particulate materials. sieves 


1g 
bottom of each sieve fits into the bottom of the 

In use, the sieves are stacked in order by 

th the finest sieve next to the pan at the bottom. 
stack of sieves is then shaken by hand or by me 
nical device until each particle reaches a_ sieve 
ose openings are too small to permit the particle 
pass. Each of the sieves retains particles whose mini 
im projected area is larger than the square opening 
the sieve but is smaller than the opening in the 
abov Ihe amount retained on each is weighed 

| plotted to form a distribution curve for the mate 
Very early it became apparent that a constant 
was desirable between the sizes of consecutive 


s of a series, and various investigators have pro 


pposed sieve series with a geometric ratio between the 


ings ol adjacent sieves. Some of the sieve series 
ich have been propose d are described and discussed 
Some investigators have gone a step further 


issigned ora or class names to parts of the 


ng | particle sizes using grade names such as 


cobbles, gravel, sand, silt, dust, clay and col- 
se grades have in turn been subdivided into 


to five sub-classes using adjectives such as 


, Coarse, medium, fine and very fine. These 
called “grade scales.” Such scales are, of 
. bitrary and almost every individual has a 


idea as to the size limits of a particle which 
There 


er, some agreement on the general ranges of 


call by a name such as sand or gravel. 


particl sizes covered Dy these rad names and it 
may eventually be possible tor evervo to avre on a 
unilorm systen 

The first eecometric sieve series is ascribed to Paul 
R. von Rittinge In 1867, he proposed that the 


openings In any sieve should be twice the area of the 


Openings In the next smaller sieve In a woven wire 
sieve witl square holes th linear dimension along 
the side of the hole wou!d then be the square root ot 
two or I|4l times that of the next finer sieve | his 
sieve series has become known as the square root ol 
two series or the Rittinger ratio. It is actually a loga 


rithmic series using a base of two instead of ten as in 
common logarithms. A sieve series based on the square 
root olf two and a starting size of one millimeter is 


shown as Lable | 





Paste I—A Sieve Series BASED ON THE SOUARE Root 
or Lwo Ratio 
Linear ID cnsie ‘ Oper mi R oO ot Areas 
mnt iT 
6 " 
lh (HM { 
LES s 
S (MM) i 
O56 
1 in i 
S75 ~ 
~ OOO } 
L4l4 
1.000 l 
0.707 
0.500 
745% 
O54 ‘ 
0.17 
0.125 Mh, 
1) OSS ly » 
0.06 Linn, 
0.044 li, 
O05! Moog 





Orth® in 1875, published one of the first grade scales 
that the writer has seen. He gives limits for the size 
of the various grades as shown in Table 2. It is inte 


Paste 2—OrTH’s GRADE SCALI 





Size Limits, mm Designation 
Over 3 Gravel 
$ to 1 Very coarse sand 
1 to O04 Coarse sand 
0.5 to 0.25 Medium sand 
0.25 to 0.05 Fine sand 
0.05 to 0.0] Dust 


Less than 0.01 Finest dust 





esting to note that this grade scale, usually with minor 
changes, occurs again and again in the literature. It is 
still extensively used (with some revisions) by the De 
partment of Agriculture and soil scientists. This scale 
has no definite ratio between grades and the sieves 
were selected to give a large amount of practical in 
formation with a minimum of test work. Data from 
this series is most easily plotted as a cumulative curve 
using a logarithmic size scale. This type of grade scale 


is frequently used for typing” soils. If, for instance, 
a particular soil has sand as its most abundant con 
stituent and gravel is next in amount, the soil sample 


would be classed as a vrave lly sand 
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In 1898 Johan August Udden published a paper on 
the mechanical COMPOSITION olf wind deposits His 


the form of histograms based 


data were presented 1! 


on a new grade scale. He used a square opening, | 


mm in length along the sides, as a base and made the 


side of the openings of cach successive sieve eithe 
twice or half the length of the previous sieve. Udden's 


lable 3. The 


scale with the grade names is shown in 
(GRADE SCALE PROPOSED IN ISOS BY 
\vuGcusr UppEen 


PAaBLE 3 
JOHAN 








Designation 
Coarse gravel 
Gravel 

Fine Gravel 

1 to 1 Coarse sand 
Medium sand 
Fine Sand 
Very tine sand 
1 Coarse dust 
Miedium dust 
‘ I Fine dust 

I to 1 ; Very fine dust 





ratio between areas ol Openimgs Is t and between lin 


ear dimensions is @/4 or 2. This scale is widely used in 


this country by geologists. 


\ comparison of lables | and 3 shows that alter 


nate sieves trom. the hypothetical series shown In 
Fable | will furnish the sieves necessary tor Udden’s 


Grade Scale. This is a true ratio or logarithmic scale 
and may be plotted with actual opening on a log scale 
amounts retained on consecutive 


l cde 1 


a grade scale 


ol Ssizce oO} with thre 
sieves On consecutive equally spaced ordinates 


was amone the first to try to combine 


Sand, for instance, 


with 
was subdivided into four classes called coarse, 


a logarithmic set of sieves 
medium, 
fine and very fine sand and each fraction covered an 


equal distance along the log scale. In the “dust” grade 


the same adjectives were repeated to extend the scale 


toward the fine end. In the 1898 version only three 


classes were given for gravel but this was changed in 
1914 when a revised edition was published 

In 1899 C. G. Hopkins® in an effort to get all users 
ol sieves to agree on a untlorm scale, devised a grade 


scale which ts shown as Table 4. His scale is based on 


GRADE SCALES PROopPpOosED By C. G. HopkKINs 


IN 1899 


Papier 4 


Based on x 10 6.16 and \ 10 Rey yg 


erade s ‘parations fall on the ends or at 






SURVEY OF SIEVE SERIFS AND G 








metric mean size between sizes in the 


This would produce a series with a ratio 





10 or 1.778 Hopkins was one of the fy 





a size as small as 0.001 mm as the separa 





silt and clay Hopkins scale is arranged 





logarithmic cycles when semi-log chart pay 
] S. Dilleo 
9) which is almost identical with that of © 





in 1902 described a grade s« 





ABLE 5—GRADE SCALE Usep sy J. S. Dini 











Size Limits, mm Des 








Over 2 Grave 











9 to 1 Fine 
1 to 05 Coarse 
0.5 to 02 Mediur 
0.25 to 0.10 Fine sa 
0.10 to 0.05 Ver f 
0.05 to 0.01 Silt 
0.01 to 0.005 binest 
Less than 0.005 Cla 












ck scribe 





In 1905 Dr. Albert Atterberg 


scale in which the erades were based on a } 


~ 





hames mn COMMON Usage 





He selected eracdke 





plied them as nearly as possible to the sizes 






eeologists and others associate with the hnamcs \ 


lable 6 






| he diy SIONS 





bereg’s scalk is shown as 


= 





(GRADE SCALE PROPOSED BY Dr. Arpry 


ATTERBERG IN 1905 





TABLE 6 















Grade Limits, mm Name 
2000 to 200 Blocks 
200 to 20 Cobbles 
20 to 2 Pebbles 
2 to 0.2 Coarse sai 
0.2 to 0.02 Fine sand 
0.02 to 0.002 Silt 
Below 0.002 Clay 











Y 10 Series \ 10 Series Designation 
Over | mm Over | mm Gravel 
Imm to 0.32 mm Imm to 0.56 mm Coarse sand 


0.56 mm to 0.32 mm 


0.32 mm to 0.10 mm 0.352 mm to 0.18 mm Medium sand 


0.18 mm to 0.10 mm 
0.10 mm to 0.082 mm 0.10 mm to 0.056 mm kine sand 
0.0560 mm to 0.082 mm 
0.082 mm to O.OLO0 mm 0.0382 mm to 0.O1L8 mm Coarse silt 


0.018 mm to 0.010 mn 


0.010 mm to 0.0082 mm 0.010 mm to 0.0056 mm Medium silt 


0.0056 mm to 0.00382 mm 
0.0082 mm to 0.00] mm 0.0082 mm to 0.0018 mm Fine silt 
0.0018 mm to 0.001 mm 


Less than 0.001 mm Less than 0.001 mm Clay 





tween the grades correspond with what he beli 





be significant changes in the behavior of the mat 





For instance, he claimed that grains coarser than 2 


mm will not hold water while grains smaller thai 









size tend to hold water due to capillarity. He 





fore set the division between gravel and sand at 21 
The 0.002 mm size is about the upper limit of Bro 
ian movement. Therefore particles larger than 0.00: 
mm were called silt while smaller particles were ca 








1] 


He proposed sub-grade limits at the geo 





clay. 
mean between the main grade limits. This scale 
lor its ratio \/ 10 or 3.16, like that of Hopkins,’ b 


based on 2 mm instead of | as proposed by Hopk 







Several references* describe a grade sca 
by the Bureau of Soils but it is almost ident 


Table 7) 








with the scales proposed by O 






PaBpLeE 7—BUREAU OF SoILs GRADE St 











a ratio equal to ¥ 10 or 3.16. For closer sizing he also 


suger sted that additional points be used at the geo 









Size Limits, mm Desig 
2 to 1 Fine g 
1 to 05 Coarse § 





Medium 





05 to 025 







0.25 to 0.10 Fine san 
0.10 to 0.05 Very fin 
0.05 to 0.01 Silt 
0.01 to 0.005 Fine silt 
Less than 0.005 Clay 
























redits Whitney with developing the 
obably reters to Milton Whitney who 
e Bureau of Soils in 1904 


of Mining and Metallurgy' adopted 







1907 which ts shown in Table &. It is 






vE SERIES ADOPTED BY THE INSTITUTE OF 






[iNING AND METALLURGY IN 1907 







































Opening, mi Mesh Opening mm 
2 540 50 0.24 
1574 60 0.211 
ace 1.270 70 0.180 
1.056 x0) 0.157 
0.792 90 0.139 
0635 10) 0.127 
0.508 120 0.107 
1] 150 0.084 
O.416 200) 0.063 
0.317 
that there is no ratio or relation of any 
en successive sieves. It appears to have 
— . 
on a random collection of sieves which 
nanutactured at that time. The sieves had 
wire so that the open area was only about 
of the area of the sieve. This scale is very 
fl » plot because the sieves have odd sizes both 
\ s and millimeters and an arithmetic scale 
ised because the sieves do not have a fixed 
en the sizes of consecutive sieves. 
kK ch’? in 1908 described a grade scale (Table 9 
ntical with that of Orth in 1875 









PapLe 9—KFEILHACH’S GRADE SCALE 











S | mim Designation 





V Gravel 





Very coarse sand 





Coarse sand 





Medium sand 





ou Fine sand 





‘ Superfine sand 














0} Dust 
Less than 0.0] Finest dust 
Ihe Ivler Standard Screen scale was brought out 
ut 1910 and was described by G. A. Disbro'* in 
[his article shows the intelligent use of cumula 





rves over 55 years ago Ihe Tyler scale is shown 









AB ('U—TYLER STANDARD SCREEN SCALE BASED ON 
“00 Meso Wire CrotnH Mapr From 0.0021 IN 








\WHIRE AND A ? RATIO 











Mes Opening, mm 





'h 67 





zr 


18 
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29 
re) 









10 1.651 


i4 l 168 






4, 0.833 





589 


117 









18 0.295 
65 0.208 
Ww 0.147 
: 0.104 
<0U 0.074 




















in lable 10. It ts i logarithm series using the square 
root ot two ratio and thre Starting point s lected was 
200 mesh wire cloth woven from 0.0021 in. wire and 


having Openings ol 0.0029 in. o1 f microns 
Protessor Robert H. Richards ind st ] Hoovel 


were mentioned by Disbro as the originator of the 


V/2 series lable 11 and th » SETICS lable 12) 






Panter ll—Sreve Series Basep ON THI 


W2 (1.189) Ratio 


Si ested by Prot. Robert H. Ru 1 


uy 





5SHO0 microns 
1760 

1000 0 
360 

2RS50 2 
2580 "10 
2000 | 
1680 149 
1410 
1190 10 
1000 

S40) 

710 62 


590 





Lapir 12—Steve Series BASED ON THI 


YY3 (1.442) Ratio 
Proposed by | ] Hooves 











1.000 mn 





27.00 mm | 

LR.80 0.69% 

13.02 0 480 

900 0.535 

6.26 0.251 

1.54 0.160 

,.00 O.111 

2? OR 0.077 

1.442 0.053 
respectively [his work was apparently done some 


time previous to 1915 but the original references have 
not been located. ‘Tables 11 and 12 show sieve series 
based on these ratios. Comparing Tables 10 and II 
shows that the Tyler sieves agree very closely with 


alternate sieves from Table 11 


Paste 13—GRABAU'S GRADE SCALI 













Size Limits, mm Designation 
Over 150 Boulders 
150 to 5 Cobbles 
50 to 25 Ver coarse rave 
°5 to 5 Coarse Gravel 
5 to 2.5 Fine gravel 


Ver COaT™ ati 


Coarse sand 


Medium sand 


0.25 to 0.10 Fine sand 

0.10 to O05 Superfine mad 
0.05 to OO Rock tout 

O01 to O.005 Superfine rock flout 
Less than 0.005 Clay siz 













Grabau'® vives the grade scale shown in Table 13. 
It is similar to Orth’s scale in 1875 except that it has 
been extended at the coarse end to include gravel in 
three subgrade s as well as grack limits for cobbles and 


boulders. This scale has no definite ratio but is rela- 




































IO) 


tively simple to plot 


logarithmic size 


round numbers 


scale 


In 1914 Udden 


amplified his original scale 


the coarse and 


Taste 14—Uppens GRapi 


fine 


directions 


cumulative curve with a 


the grade limits are 


a paper in which he 
by extending it in both 


as Shown in Table 14 


‘Ss Mopiriep in 1914 





Size Limits, mm 


256 to 128 


128 to 64 


Designat or 


Large boulders 
\Nledium boulders 
Small houlders 

Very small boulders 


Very coarse gravel 
Coarse gravel 


Gravel 


Fine gravel 


Coarse sand 


Medium sand 

Fine sand 

Vers fine sand 
Coarse silt or dust 
Medium silt or dust 
kine silt or dust 
Very fine silt or dust 


" 


Coarse clay 
Medium clay 


Fine cla 





Taste 15—U.S 


This scale Was ilopted 


SIEVE 


STANDARDS 


{ 


readopted in 1938 


then droppec 


SERIES PROPOSED BY THE BUREAT 


1919 


| | 


l ! revised and 


scale is given below 





Sieve Designation 


Designation 





No 
No | 
No y 
No 


No 

No ~ 
No 10) 
No 12 
No. 14 
No. 16 
No Is 
No "0 
No. 25 
No tO 
No yy 


oO 








m=O) 





Sieve 
Ope ning 


THC TOns 





1760 
OOo 


9 
Ot) 





2380 


2000 


1680 
1410 
1190 


hoo 


Designation 














SERIES 


Sieve Ope ning mm 





Sieve Sieve 
Opening, 
microns 












No. 40 120 
No a $50 
No 50 2Q7 


No 


No 

No. 80 177 
No. 100 149 
No. 120 125 
No. 140 105 
No. 170 SS 
No. 200 74 
No. 230 62 
No. 270 53 
No. 325 14 
No. 400 37 















SURVEY OF SIEVE SERIES AND G; 





Ihe added grades and subgrades maintai) 
lent order introduced in his original work 
silt was added to be used interchangeably 

The “U. S. Sieve Series” was proposed 
the Bureau olf Standards. his series | 
vised and is now a standard method of th 
Society for Testing Materials. The scak 
form is shown as Table 15. All of the SIZES 
made in nesting sieves and provide the ¢ 
which are available. They are suitable fo 
curate work or for materials which are co 
over a short range of particle sizes. For 
which are spread over a wide range ol pal 
or where high accuracy 1s not essential, it 
practice to use only every other sieve or e\ 
sieve. his series is a logarithmic series bas 
fourth root of two and progresses in both 
from a starting size of | millimete: 

Since the original Iyle Screen Scale | 


appeared, intermediate sieves have been 

tween each of those in the original series t 
series for closer sizing. ‘This makes it a fourt! 
two series which has openings almost exactly 

as the U.S. Sieve Series. If one compares si 
the two series having the same or very simila 
openings he will find in many cases that coars 
was used in the Tyler Screen Scale than was 
the U.S. Sieve Series. ‘The number of mesh per 
inch must therefore be less in the ‘Tyler sie) 
this reason, Tyler sieves are usually marked 

mesh number of the Tvler Screen Scale as wel 
‘U. S. Equivalent Sieve Number” which is th 
number of the U. S. sieve having the same 


opening. This condition is very confusing but 


be remedied by discarding mesh numbers 
ferring to sieves by the size of the opening, p 
in microns, rather than to the mesh numbe: 

The American Foundrymen’s Society®’ has 
series shown in Table 16, which is based on t! 
Screen Scale. 


nal Tyler 








AMERICAN FOUNDRYMEN’S SOCH 
SERIES 


PasBLe 16 





SIEVI 





No 





Sieve 





















[his is a square root of two sieve series ©» 


two sieves have been omitted neat the coarse 

missing sieves are the No. 8 (2.562 mm) an 
il4 (1.168 mm). This Society also permit 
sieves from the U. S. Sieve Series which h: 
ings approximately equivalent to those speci 
I vler Screen Scale. Data cannot b« plotted a 


on arithmetic coordinates because olf th 









































all of the material is finer than the No 
is better to use cumulative curves and 


mic pape} however, because this 1s ap 





inds ol all S17CS 





the American Foundrymen’s Society has 





d any grade scale as such, it includes in 
ng handbook 


silt and clay from which an implied 





a series of definitions tor 






iv be derived. The following definitions 





yn the 1938 edition of the FouNpry SAND 









VDBOOK 





When used in connection with foundry 





eranular material resulting from the 





rtificial disintegration of rock and chat 





an appreciable proportion ol particles 





pass a sieve with a one-half inch opening 
ona No f SIeVe s 


When used in connection with foundry 






eranular material resulting from the 





itificial disintegration of a rock, a pre 





portion ol which passes the No. 6 sieve 





ed on the No. 270 sieve. A sand may con 





rable quantities ol large) or smallet pal 





ling clay 





\ Very fine sand particles that pass a No. 270 





but which are not plastie or sticky when 









Verv fine sand particles less than 20 





diametet This is included in AFS clay 





tsell has very. little plasticity or stickiness 






[his term is used to designate those pat 





he sand which are retained on the 200, 270 





nd pan, as determined by the AFS fineness 


Since the next coarser sieve in this series is 






mesh, “fines” includes all particles finer than 





()4 crons except where a separate test is made fon 





\FS clay substance. In this case the clay is removed 






imtation up to a size of 20 microns. In this 





ipparently, fines includes the range of particles 





104 and 20 microns in size.) 






( Substance Phat earthy portion of foundry 





] } 
ict 





when suspended in water, fails to settle 





per minute, and which consists of particles 






in 20 microns in diameter.” 
( ds. Colloidal Material. Finely divided ma 







i s tl r 
ss than 0.5 micron in size, gelatinous, highly 






and very stick, when moistened.’ 






Papee 17—A Grape SCALE Basep on A.F.S 
DEFINITIONS 












Designation 






Gravel 







to 0.053 Sand 
to 0 Silt 
-“V to U Fine silt 
0 Fines 
=" to ( Clay 





ov Colloids 





It appears that a more exact definition of the size ol 


the various grades would 


simplify this situation. The 
selection of 20 microns as the coarse end of the clay 
size range is much larger than in any of the othe 


gerade scales found 


\ grade scale given by H. A. Baker in 1920 is 


shown as Table 18. It is very similar to Orth’'s scale 


TABLE I8—GRADFE SCALE Usep By BAKER IN 1920 








Ove ra 

- t Ve ‘ i 
1 to ( Coarse sa 

0.5 to 02 Mied " 
02 o 0.10 Fine 

0.10 to O05 Coars 

OOD te 0.0] Silt 

Less than 0.0] Clay 





Having no ratio it should be plotted with cumulative 
per cent retained versus size on a log-scal 

J. Thoulet*? described a grade scal lable 19) in 
1922 which seems to be original but does not follow 


anv orderly system or ratio 


Laspte 19—Grapr SCALE Usep By LHOULEI 
Asour 1922 

















ese definitions the grade scale shown in 





: results. Ther is considerable overlapping of 





Ss particularly in the fine sizes. Som«e particle 





instance might be in any one of five grades. 


Size Limits, mn Designation 
Over 3 Fine ravel 
> to OY Coarse sand 
O89 to 045 Medium sand 
0.45 to 0.26 Fine sand 


Vers fire sand 


Fine fine sand 


0.26 to 0.04 


Less than 0.04 





In 1922 Wentworth® gathered a number of opin 
ions from geologists and other workers in soils and 
sediments and proposed a revised scale which 1s 
known as Wentworth-Udden scale, or sometimes just 


as the Wentworth scale. It is shown in Table 20 


Paste 20—WeENTWoORTH’S REVISION OF THI 
Uppen Grape SCALI 





Size Limits, mm Designation 
Over 256 Boulders 
"2560 to 64 Cobbles 
64 to 4 Pebbles 
t to 2 Granules 
2 to | Very coarse sand 
1 to Coarse sand 
, to 4 Medium sand 
4 to ly Fine sand 
14 to Ve Ve fine sand 
l to 1 Sill 


1 ‘ 


Less than bony Clay 





Comparison ol lable 20 with Tables 3 and 14 show 


that Wentworth’s scale is a revision of the Udden 
scale but the orderly basis has been removed. H«¢ 
changed the four subgrades of sand to five, did not 
subdivide silt or clay at all. The gravel and boulder 
grades were completely rearranged 

G. W. Robinson** in 1924 and W. W. Rubey* ir 
1930 discussed settling velocities and preferred this 
term for the expression of particle size instead of diam 
Rubey's scale is shown 


eter or “effective diametet 




















OQ 


lasprr 21—Retsey’s Grave SCALE BASED ON 


SETTLING VELOCITIES 





Velocity Limits \pproximate Size Designation 


Limits* 

Greater than 3840 u see Over 200 u Very fine sand 
RIO u sec. to V0 usec 200 u to lOO u Coarse silt 
960 usec. to 240 Us sec 100 u to 50 u Medium silt 
2410 u sec. to 60 usec 0 u to 25 u Fine silt 

H0u sec. to lou see 2, uto lu Very fine silt 

15 u/sec. to 3.75 usec WwWutobu Coarse clas 
$3.75 usec. to .9375 usec 6H uto Su Medium clay 
Less than .9375 u ‘sec Less than 3 u Fire clay 


*Assuming a specific gravity of 2.65 temperature of 67 F and 


approximately sphe rical shape 





as Table 21. 
Sary to consider particle shape Ol density since no 


By using settling velocities it is unneces 


attempt is made to describe the particles by size. 
Parker D. Trask 


lor grave 1, sand, silt, clay and colloidal clay which are 


in 1932 used a scale of size limits 
In his work on oil-bearing sands, 


shown as Table 22. 


Pasir 22—GrRapeE Scare Usep By TRASK 





Size Limits, mm Designation 


Over | Gravel 
1 to 0.05 Sand 
0.05 to 0.005 Silt 
Less than 0.005 Clay 


Less than 0.00] Colloid 





Trask utilized statistical methods for the study of 
grain size, grain distribution or sorting, and skewness 
of distribution. His extremely simple methods made 
it possible to analyze and compare large numbers of 
sediments. Trask plotted his sieve analyses as cumula 
tive curves using semi-logarithmic graph paper and 
from this determined the per cent of the sample in 
each grade of his scale. He then determined the ““me- 
dian size,” “sorting coethcient” and “skewness cocth 
cient from. the graph. Ihe median size was dete. 
mined by finding the point at which the cumulative 
curve crossed the 50 per cent retained line on the 
graph. The median size is usually very close to the 
statistical arithmetic mean size and it is much easier to 
determine and therefore serves as a very quick and 
reasonably accurate method of expressing the particle 
size of the sample. The sizes at which the cumulative 
curve crossed the 25 per cent and 75 per cent retained 
lines on the graph were then read from the size scale 
of the graph. These points are called the “quartiles.” 
Dividing the larger quartile by the smaller and taking 
the square root of the quotient gives a number called 
the sorting coefhcient. This is a number which ex 
presses with a minimum of calculation, the distribu 
tion or spread of the sample. ‘The sorting coefhicient 
for uniform particles like a single size of ball bearings 
is 1.0 and the coethcient increases with increasing de 
viation from uniformity of size. The skewness coeth 
cient was determined by dividing the product of the 
two quartiles by the square of the median size. This 
coethcient is useful forydetecting abnormal samples. 
For normal samples the skewness is usually about 1.0 


but may be more or less depending on the amount 


and direction in which the sample is skewed. 





SURVEY OF SIFVE SFRIFS AND Gra 


In 1932 the British Engineering Standar: 
tion’? adopted a screen scale which supe 
Institute of Mining and Metallurgy Scal 

) 


The new scale is shown as Table 23. Thi 


almost identical with the U. S. Sieve Series 


PaABLeE 25—SieVE SERIFS ADOPTED IN 1932 
BRITISH ENGINEERING STANDARDS Assocra 





— 
Sieve Sieve Sieve ‘ 
Designation Opening Designation " 
mm 
4 3.360 36 
6 2 810 14 : 
7 2.410 52 
S 2 O56 60 
10 1.676 72 ; 
12 1.408 85 ' 
14 1.202 100 
16 1.002 120 
18 0.854 150 
22 0.698 170 xg 
25 0.599 200 
30 0.506 240 





Tyler Fine Series. The dimensions vary slightly, a 
parently to permit the use of wire gages whic 
used in England. ‘This adds still another series 
mesh numbers to a sieve series which is approximat 
the same as in the two series just mentioned 

In 1935 Wentworth®* published an article in whi 
he claimed that a relation exists between the metho 


of transport of particles in water and the main grades 


as given by his scale. That is, gravel is the materia 
carried or dragged by “traction,” sand is the portior 
carried by “inertia suspension,” silt is the part carri 
by “viscous suspension,” and clay is material carrie 


by “colloidal suspension.” 


Frequency Distribution Curves 

In the study of statistics a large amount of informa 
tion and theory has been developed in connect 
with the study of frequency distribution curves. T! 
size frequency curve for sand and other particulat 
material has very nearly the same shape as a no! 
distribution curve if the individual percentages 
tween any two sieves of a logarithmic sieve series 
plotted as a function of size on a log scale. It ts dill 
cult to use statistical formulae, however, when siz 
propos 
a “transformation equation” for converting the Went 


worth-Udden scale into an arithmetic scale whic! 


plotted on a logarithmic scale. Krumbein 


called a “Phi scale.” 
ing size could be assigned a “Phi number” whi 


Any sieve, regardless of its op 
} 


resented its size. When the results of sieve tests 
plotted they then had an arithmetic size scale but | 
curve has the same shape as if it had been plotted o1 


logarithmic size scale. By means of this techniqu 


statistical mean size, standard deviation, skewness and 


kurtosis of any particulate distribution may be loune 
Krumbein’s equation is 

ob logs € 
where € is the diameter in millimeters and ¢ is (ht 
logarithmic expression for size. ‘The phi valucs of 
Wentworth grades are shown in Table 24. 


nic ba 
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KRUMBEIN’S Put SCALI 





nt Va 




















e International Society of Soil Science 








erade scale based on Atterberg’s classifica 





is widely used in Europe and is shown as 





| It has the advantage of having a logarith 











25 INTERNATIONAL GRADE SCALE ADOPTED 





in 1934 BASED ON ATTERBERG’S SCALI 














Stant 0 i] im the Zeta scale iS to transter tlhe vl vl 
limit from | to 2 on the log cvcle. If the grades wer 
trom | to 10, 10 to LOO. ete the constant could be 
eliminated 

( \ Hogentogler VIVES classification used by 


soil scientists which is shown as Table © Lhere are 








DPaspLe 27—HOGENTOGLER’S GRADE SCALI 








O05 








too CPtH)> 





than 0.005 Cla 





Less than 0.00] Cx 















S Limits, mm Designation 





Over 2 Gravel 





06 Coarse sand 







al 0.02 Fine sand 
0.002 Silt 
than 0.002 Clay 












basis and each cvcle corresponds to one grade It 





s suitable only for rowgh grading because it lacks 





visions Into ¢ lasses 


In 1987 Krumbein proposed the equation Z 





/ 


()] log,,d for use with the Atterberg or Interna 
onal Scales, where d is the diameter in millimeters. 
7 
6. The purpose of this method is to provide an arith 







s produces the Zeta scale which is shown in Table 








Taste 26—KRUMBEIN’S ZETA SCALI 








no definite relations between the grades and they were 
sclected to permit the rapid “typing” of soils with 
only 10, 40 and 270 mesh sieves 

Donald M. Burmiuster®?:34 in 1941 described a classi 


fication system which is shown as Table 28. It is based 





TABLE 28—Moopbiriep M.1. 1. CLAssipicaATtTiON SUGGESTED 


BY D. M. BURMISTER 


Size Limits, mm Designation 
60 to 20 Coarse gravel 
2%) to 6 Medium gravel 
6 to 2 Fine gravel 
2 to 06 Coarse sand 
0.6 to 02 Medium sand 
0. to 0.06 Fine sand 
0.06 to 0.02 Coarse silt 
0.02 to 0.006 Medium silt 
0.006 to 0.002 Fine silt 
Less than 6 microns Clay 
















\tterberg Grades, mm Zeta Value 
2000 oe 
200 2 
%~) l 
9 0 
{) + l 
0.02 1. 2 
0.002 ‘ 5 
0.0002 1 4 












size scale so that statistical methods may b« 
l as in the case of the Phi scale. In both the 







Phi and Zeta scales the numbers increase as the pal 





ti e decreases. As Krumbein pointed out, a graph 





ty be constructed by plotting Tables 24 or 26 to 





scales to convert actual sizes to either scale, 





find an exact value the formula must be used. 





I somewhat tedious especially for the Phi scale 


ogarithms to the base of 2 are used. Loga- 





to the base 2 are not commonly found in tables 






ist be obtained from tables of logarithms to 





$01 ther base by means of equations for transtorm- 





ing ogarithms from one base to another. The con 








on a Classification used at the Massachusetts Institute 
of Technology which in turn uses the scale devised by 
\Atterberg in 1905 with changes in the grade names 
This scale has the advantage over the International 
scale in that the grades are subdivided into classes. 
Each grade, however, covers 1% log cycles so the scale 
no longer has the agreement between grades and log 
cycles that is present in the International Scale. 


Summary of Existing Scales 


[his survey of sieve series and grade scales is by no 
means complete but it serves to illustrate the prin 
ciples involved and methods which have been devel 
oped for particle size measurement 

In general the scales are based on the metric system, 
a large proportion of them using | millimeter as the 
starting point. 

\ random collection of sieves will do an excellent 
job of measuring the size of any sample provided they 
are of such a size that they split the sample in several 
places. If the total amount coarser than each sieve is 
plotted as a function of the size of the opening along 
a log scale a perfectly sound cumulative curve will be 
produced, regardless of sieve size or sieve spacing 
This curve can be differentiated graphically® to pro 
duce the corresponding size frequency curve 

By introducing logarithmic sieve series which in 
clude all sieve series with geometric ratios of areas or 
width of squares, square root, cube root, fourth root, 
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and other exponential series, it became possible to plot 
the size frequency curve directly without first making 
a cumulative curve so long as the individual sieve per 
centages were plotted at equal steps along the siz 
axis. Care must be used, however, to be sure that the 
ratio between the size of adjacent sieves is preserved 
because if extra sieves are inserted in the series or if 
any are omitted, serious errors in the curve will occur. 

There have been recurring efforts to combine grade 
scales with sieve series so that a sample can be graded 
simply by sieving without first having to plot the data. 

\ substantial group favor grades which correspond 
to logarithmic cycles. 

Grade scales with a logarithmic basis can be ex 
tended at either end as necessary to suit any particulan 
purpose. Sieves are only a tool for measuring size in a 
particular range. Below about 40 microns it is im 
practical to use sieves and then other methods of 
measurement can be used. These include the pipette 
and hydrometer methods, the microscope, specific 
gravity and sedimentation balances, and devices such 
as the Wagener turbidimeter which measures light 
transmission through a dispersed suspension of th: 
sample. At the large end of the scale particles too 
coarse for sieve could be measured with a meter stick 
or a measuring tape. Even the solar system could be 
“sieved” by using the astronomical telescope as the 
tool for making the measurements. In fact the sys 
tem of measuring the brightness of stars by “‘star 
magnitudes” resembles the logarithmic grade scales 
very close ly 

When closer sizing or description is required, grades 
can be split into two or more classes and sieve intervals 
can be split by the insertion of extra sieves in an 
existing sieve series. The size of the added sieves 
should be such that it is in geometric proportion be 
tween the two adjacent sieves. 

\s Krumbein pointed out, any sample may be rep- 
resented as a cumulative curve and there is a corre 
sponding size [requency curve. ‘The cumulative curve 
is the integral of the size frequency curve and con- 
versely the size frequency curve is the first derivative 
of the cumulative curve. At any particular size, the 
area under the size frequency curve is proportional 
to the height of the ordinate of the cumulative curve. 


Proposed Grading System 


\t the risk of adding “one more grade scale” to the 
already large group the writer believes that a grade 
scale and sieve series can be made which will combine 
the best features ol existing systems to produce a uni- 
form system which may be acceptable to all who 
measure and control particle sizes in science and in- 
clustrv. 

It is proposed that the system start at a size of | 
millimeter and progress in both directions as far as 
necessary with one logarithmic cycle per grade. This 
establishes a grade scale as shown in Table 29, Col 
umns | and 2. 

It is proposed that the common logarithm of the 
size in millimeters be used to form a “Delta” scale. 
This establishes the transformation equation 


log yd 


where d is particle diameter or sieve opening. The 





SURVEY OF SIFVE SERIFS AND Gra 
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Paste 29—A LoGaritHMic GRApDE ScAIFY | 
DESCRIPTION OF PARTICLE Sizes Bas _—_ 
ON THE METRIC SYSTEM 
Size limits (d Designation Logarit] caren 
1000 mm to 100 mm Boulders = 
100 mm to 10 mm Cobbles 1. 9 
10 mm to | mm Gravel l 
1000 u to 100 u Sand ( 
100 u to 10.u Silt | 
lOutolu Dust ? 
lutoO.lu Clay ; 
0.1 u to 0.01 u Colloidal Clay 
0.01 u to 0.001 u Colloids 
—— 
use of Delta units is shown in Table 29, ¢ 
where they are given for the grade limits of 
pos d gerade scale. 
It is proposed that each grade be subdivi 
five classes by modifying adjectives. This su 
for the gravel grade is shown in Table 30 
Lasplee 3O—METHODS OF SUBDIVIDING GR\ 
INTO CLASSES 
Class Limits A Limits Diam | 
Very Coarse Gravel 1 to O8 
Coarse Gravel 0.8 to 0.6 6.3 
Medium Gravel 0.6 to 04 1 
Fine Gravel 0.4 to 02 2250 
Very Fine Gravel 02 to 0.0 1.60 
It is proposed that sieves be made (for the rang 
particle sizes which are amenable to sieving) divid 
each grade into ten fractions whose sizes are to b 
geometric proportion. This establishes the sieve s 
shown in Table 31. 
In Column 2 are shown the exact geometric steps 
millimeters which are found by taking the antilog 
rithms of the numbers shown in Column 1. Colum 
shows the same figures “rounded off” to produ 
number which can be plotted more easily when » 
logarithmic chart paper is used. ‘The amount ol | 
“rounding” is less than | per cent in every case s 
either column could be used as the basis for a si 
series. Column 4 lists some existing sieves which 
very close to or exactly on the nominal sieve opening — 
From this it can be seen that very few new sie\ 
would have to be made to produce a set of sieves | — 
close to the proposed series. H : 
It is proposed that the sieves be marked with meee 
opening in millimeters for sieves of 1 mm or over a! res 


in microns for sieves under 1 mm, that the logarith 


of the size be included, and that mesh and wire « 
eter be omitted or in very small figures. W 


The obvious advantages of the proposed gia Size Fi 
scale and sieve series are their simplicity and adapt nta 
bility to the scientific measurement and contro ; 
particle sizes. An examination of Table 31 shows thal K, 
it combines the systems which are now used most © | 


id { 


tensively. It includes all the points used in the Ude 
and Wentworth systems. It includes all the pom page 


used in the Atterberg and International systems. |! Dept. ( 
includes all of the points used in the Hopkins sca 6. 
Sa 


except for the smallest subdivisions. It inc! 











PROPOSED SIEVE SERIES 








ABLI 





C,eometri 








| S 





c Size Steps Existing 


Steps in Round Sieve Near Enough to 
\f Numbers he Acceptable 
Th 100 101.6 mm i in l S. Series 
st) 
Ow 65 63.5 mm (2 in { S. Series 
2) 0 508 mm (2 in { S. Series 
S 11) 
Z 1.6 1.7 mm ll, in { Ss. Series 
19 25.0 25.4 mm 1 in [ S. Series 
"20.0 19.5 mm . in { S. Series 
849 16.0 16 mm ; In 0.120 in. bronze 
wire Ivler 
89 12.6 12.7 mm 4 In I S. Series 
A 10.0 10.05 mm No. 2? 0.105 in 
bronze wire Lvlet 
4 8.0 7.93 mm (%4% In L. S. Series 
096 6.5 6.35 mm 14 in I S. Series 
20 0 5.00) mm No. 4 0.025 in 
steel wire Tyler 
m1) 1.0 + mm No. 5 I Ss. SeTIES 
623 6 $18 mm (No. 7) 0.018 in. bronze 
wire I vier) 
119 2.50 254 mm (No. 8) 0.025 in. bronze 
wire Ivler 
9953 2.00 2 mm (No. 10) U. S. Series 
849 1.60 1.60 mm No 12 0.020 in 
bronze wire Tyler 
9 1.26 1.257 mm (No. 16) 0.013 in. steel 
wire I vier) 
0000 1.00 1 mm (No. 18 
433 O80 0.300 mm No. 22 0.014 in 
bronze wire (Tyler 
(006 063 0.627 mm No. 24 0.017 in 
bronze wire Tyler 
0120 0.50 500 ue (No. 35 
O81] 0.40 0.406 mm No 10 0.009 in 
bronze wire Tyler 
16253 0.316 0.310 mm No 15) 0.010 in. 
bronze wire I vier 
)25119 0.250 250 u (No. 60 
1953 0.200 0.198 mm No. 70 0.0065 in. 
steel wire Iyvler 
S49 0.160 0.15> mm No. 90) 0.0050 in 
steel wire Ivlex 
0.12589 0.126 25 ou No. 120 
LOOO0 0.100 
0.079433 0.080 0.0787 mm No. 190) 0.0022 in 
bronze wire Tyler 
063096 0.063 62 u No. 230) 
1050120 0.050 0.0508 mm (No. 280) 0.0016 in 
bronze wire Tyler) 
0.039811 0.040 





points in the scales of J. S. Diller, K. Keilhach, 
H. A. Baker, P. D. Trask and the Bureau of Soils. It 
cludes all points but one in both Orth’s and Hogen 
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1 HERE ARE APPROXIMATELY 6,000 foundries in 






} 


United States and Canada. Of these, 2,550 have 






lewel employees, 1170 have 25 to 50 employees, 
000 have 50 to 100, 850 have 100 to 250 and only 475 






250 or more employees.! Thus, it is apparent 





iost foundries are small industrial units. It 






hould be noted, however, that the great bulk of the 






duction comes from the latter two classes with 






pproximately 1525 units employing 100 or more 





principles of efhcient operation apply equally 





ose employing 25 or fewer or 100 or more em 





nvees. Ihe foundry employing less than 50 peopl: 





illy does not have substantial funds available for 






tal expenditures. However, it can be operated 





thciently as the author will illustrate by actual case 






tories 





[he foundry business, being a process industry with 





variables, offers an opportunity to improve costs 





ind product bv better supervision. The personnel of 





lant are the most important asset of the plant. 
UO! nf the problems today is lack of properly trained 
supervision who know and do the job of supervision. 
During the past five years the foundry industry trained 
illy no supervisors with adequate background. 








ei: : : 
[ vhile. demand for increased production, and the 





ndous ¢ xpansion of facilities has placed a burden 





\isting supervision. Supervision was spread so 
+} : > > 
lat virtually all plants can make substantial im 






esident, Lester B. Knight & Associates, Inc., Chicago. 
nton Publishing Co. Survey, 1947 











MODERNIZATION OF THE “SMALL” FOUNDRY 


Lester B. Knight 







increasingly evident that the facilities in 








i foundry are no better than th men operatin then 

1 hie demand fol highet C]UUAaLITS cioser toicrances, 
better finish, and lower costs, places on every foundry 
the need for modernization of methods, rigging, pro 
cedures and faciliti Hlow can we modernize out 
foundry?” is the question we hear most often 1 he 


increased cost of materials and labor, competition 
trom other materials and me thods of manutacture, has 
given great impetus to the desire to moderniz I he 
creat demand for castings at prices which insure a 
profit for the conservative foundry operator has made 
the funds available to carry out a modernization 
program 

It is not possible to give one answer for all foundries 
who are interested in modernization. Each program 
should be designed to fit the individual plant require 
ments and financial condition. Overly simplified, pet 
haps, the foundry problem consists first, of rigging 
to produce economically, and second, materials han 
dling. There is much that any foundry may do to 
improve its operations and reduce its costs other than 
to spe nd laige sums for capital equipment 

Modern selling methods employed to permit “sales 
engineering” of the proper casting for the particular 
job insures greater continuity of orders, customer satis 
faction, and better profits. rhe old idea of selling 
castings for a conversion cost of metal at so much per 
pound should he replaced with the sale ot an engi 


neered casting to do the job it so much pel piec 


Patterns and Rigging 


In too many foundries that the author has visited, 
the design of the ‘casting and construction and design 
of the pattern, core box, and flask equipment 1s such 
that the castings are “made” in the Cleaning Room 
instead of the foundry. The “finishing” cost is much 
too high. Quality patterns designed to permit max 
imum yield and high unit production commensurate 
with the number of castings to be made from the pat 
tern are a “must” in any modernization program. Con 
sistently high scrap losses usually indicate faulty 


pattern and rigging of the job 



















Aste! 


Wherever economically practicable, patterns should 
be mounted on plates or boards, with gates and risers 
mounted or clearly indicated. In one steel toundry, if 
eight squeezer molds are to be made trom the pattern, 
it is mounted and made on a machine For large. 
cope and drag work in flasks 30 in. x 360 in. and larger, 
every pattern 1s mounted and rammed on a jolt o1 
jolt-rollover machine This not only insures lowe 
costs but closer tolerances, better finish, less scrap and 
higher quality \ny machine operator may produce 
high quality, uniform castings, if properly instructed. 
It is considered that each foundry should analyze its 
operations and costs, and establish standards for 
mounting patterns. If the “engineering” is accom 
plished in the Pattern Shop, the need for rapidly 
vanishing skilled molders is greatly reduced. 


Figure | shows examples of patterns for farm imple 


fig. 1 Photograph of typical patterns now in use for 


production of farm implement castings. Moderniza- 
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ment castings. These are shown becaus 
typical of the ty pe ot patterns in use toda 
850 patterns fon this company were analyze 
lish the most modern rigging, it was four 
standardizing on flask sizes and with prope 

the resultant decrease in production costs wo 
tize the cost tor patterns, core boxes, and 
approximately six months. Patterns, flasks, 

etc., should be checked frequently because 1 
unit production of high quality castings ca 


tained only when the production equipm« 


first class condition. 


Personnel and Good Housekeeping 


Foundries have found it increasingly di 
secure and keep the quantity and quality 
supervision and management necessary 


tion of rigging permits increased production 


~ 


hour and improved quality of product 








room atte modernization. Note 
, ’ 
ases level of light, which makes Oo? 


nd le reased output pe r man-hour. 





imerican Laundry Machinery Co., Rochester, N. Y.) 


Molding floor in a jobbing foundry. Note 
good housekeeping. 


COMpctills 

of the reason 

work is heavy hot 

in many parts ot tl 

foundry industry is paying 
other industry. Good housek 
make the foundry a better pl: 


keeping pays dividends because WOrTalicn 


their surroundings and a dirty, disorderly shop is not 
conducive to economical, high quality work. Orderly 
disorder IS the Peneral condition in a well kept job 


} 


bing type foundry [he production foundry—particu 
larly if mechanized, lends itself to more orderly 
operation. Figure 2 is a photo of a castings cleaning 
room alter modernization 

Adequate, clean personnel facilities are a necessary 
part of the modern foundry, (Fig. 3). Good lighting 
290 to 40 ft.-candles in the work zones, will pay fol 
itself quickly in less scrap and more production 
Racks, shelves, and benches for tools, rigging and cores 
should be provided in the area most convenient for 
use. Adequate and orderly flask storage not only he Ips 
to kee Pp the flasks in good condition, but also to reduce 


flask handing costs. Ihe only successful eood house 


keeping programs are those where the individual 


workmen keep things orderly and “in the proper 
place” as they go along. [t is not economically prac 
tical to “pick up and clean up” after everyone. Each 
foreman must police his department and over a period 
eood housekeeping practices become good 
The author's 


ot time, 
habits and no excessive cost is involved 
experience shows that the clean, orderly plant usually 
is the low cost plant, making a profit Figure t shows 
a photograph of a molding floor in a jobbing foundry. 


Organization 


[he organization should be simple, with clear lines 
of authority and responsibility so that each depart 
ment head knows and can carry out his job. Foremen 
should cooperate with each other to make certain that 
scheduling will insure cores, flasks, patterns, etc., at 
the right station at the right time. All of the many 
variables must be controlled if high quality, low cost 
castings are to result. 

The feundry must know and control its costs. The 
old tendency to include many costs in indirect costs 
(example: Cleaning and Finishing) results in unequal 
distribution of costs. In more than one instance, 
profitable, desirable work has been lost because selling 
prices became too high; and unprofitable work re 
tained, at below cost figures, because of failure to prop- 
erly allocate costs. If a wage incentive program is 
used—and it is strongly recommended—the same stand 
ard data used to pay for the work may be used to price 
the jobs for quotation and control costs. This system 
makes it quite simple to establish standard costs and 
greatly simplies cost control by calling attention to 
those jobs being produced outside a reasonable range 
of the standard. Every foundry to stay in business, 
to pay an adequate return to labor, management and 
owners, must know its costs and sell its product ata 
profit. In one foundry, recent analysis of 30 jobs indi- 
cated that 26 of these jobs were produced at a loss or 
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with less than reasonable profit. Prices were adjusted, 
realistically, and a wage incentive plan installed which 
resulted in higher earnings for the men of the 
collpany, 

It should be emphasized again that no two foundries 
present the same problems o1 permit the same “‘treat 
ment” to improve operating results, It may be interest- 
ing to check the figures and analysis on a few projects 
to illustrate one approach to the problem of foundry 
modernization and the results which can be obtained. 


Case No. | 


Figure 5 is a schematic layout of a gray iron foundry 
producing light gray tron castings with an average 
weight of 1.5 lb each. The average daily melt is 10 
tons (approximately) and the annual production is 
1420 tons in 271 working days at a cost of $201.10 per 
net ton. Average daily production per molder is 117 
molds in 614 hr with 114 hr allowed for pouring. 
Average yield is 55 per cent. The payroll carries 93 
men (26 molders). Annual profit is approximately 
$5,000. 

This toundry was anxious to “‘modernize” and 
mechanize to reduce costs and increase its profit. No 
funds were available for capital investment. Analysis 
showed many jobs being sold at less than cost and 
prices were adjusted realistically on all jobs. 

In order to secure maximum production from exist 
ing facilities, it was necessary that the “producers” 
produce full time. Although the foundry had oper 
ated for 39 years with molders pouring their own 
molds and other departments (Core, Cleaning, etc.) 
turnishing men for shifting and dumping, it finally 
was agreed that piece rates (set by barter and with 
inequities for both labor and management) should be 
adjusted and a separate pouring, shifting, and dump- 
ing crew installed, with the molders molding a full 
8 hr. Both supervision and molders said it “wouldn't 
work,” and for a few weeks, it did not. Scrap was high, 
and an excessive number of men were required to 
shift and pour. Supervisors were taken to other found 
ries where similar operations could be observed and 
with proper training, the pouring crew was established. 

The molder’s production is nearly always controlled 
by the number of molds he can or wants to pour off, 
not by his capacity to produce with the production 
facilities. This was amply demonstrated by the fact 
that with the same number of molders, results in 1946 
were approximately as follows: Average casting weight 
was 1.5 lb each; daily melt was approximately 31,000 
lb, annual production was 2,011 tons in 220 working 
days, at a cost of $198.77 per net ton. Average daily 
production per molder was 163 molds in 8 hr, an in 
crease of 48 per cent, although molding time actually 
increased only 25 per cent. The payroll carried 98 
men (26 molders). Annual profit was approximately 
$50,000. Average yield was 57 per cent due partly to 
standardization of flask sizes, using larger flasks with 
more castings per mold and re-rigging for some cope 
and drag work on pin-lift machines. The foundry 
was faced with higher material costs and absorbed a 
10-cent per hour wage increase. 

In 1947 this same foundry produced 2,278 tons, in 
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19 working days, at a cost of $226.00 pe 


\verage daily melt was approximately 39,00 
duction per molder increased to 170 mold 
Payroll carried 104 men (30 molders). An: 
was approximately $55,000. Higher materi 
$20.00 per ton and an 8-cent per hour wa 
are responsible for the average COst increas 

The substantial improvement in produ 
realistic sales prices resulted in profits 
possible progressive modernization of this 
permit production from 20 to 60 tons of m 
under the best possible conditions. Flexib 
quired not only for wide range in total tor 
also in size and weight of castings to be 
Figure 6 shows a schematic layout of ths 
mechanization of this plant. The cupolas 
replaced with new equipment, relocated 
eficient handling and charging of the raw mat 
With production up to 20 tons per day, the ana 
showed that the yard crane facilities could 
economically justified, but at 40 or more tons 
per day, the yard facilities become a “must” fo 
cient, low cost operation. 

Skip type chargers are proposed to load th 
which are provided for front slagging and with 
hearth for desulphurizing and to maintain virtua 
continuous metal from the cupola (Fig. 7). Molt 
metal was to be distributed by monorail metal car 
and poured from covered ladles mounted in pour 
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(Courtesy, Whiting Corp., Harvey, Ill.) 


Fig. 7—Side dump, skip hoist charger for cupota. 
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modern sand conditioning, sand and 
system utilizing roller convever was to 
ed flexibility for handling the molds 
sand was to be mulled and aerated and 
from the molder’s hoppers into th 
ind castings, after pouring, are dumped 
underground) for delivery to a shake 
te sand and castings. Castings are then 
ins on a trolley conveyer for cooling, 
elivery of sprue to charging area) and 
he Cleaning Room. 
ind Cleaning Rooms also were rearranged 
creased unit and total production. Part 
ing and Core Room rearrangement has 
plished with substantially improved effi 


ntly the new cupolas are being built and 


1g 


in use, a new, realistic wage incentive 


indard data accumulated by a time study 


it further increase in unit and total pro 


yproximately 16 per cent). 


\) 


inization program 1s expected to be com- 
9. The estimated difference in cost based 


conveyer molding unit for light and 


, 
on castings Note pouring monorail 


Courtesy, National Engineering C« 


on condition at the tim ol the survey tor Varying 


tonnages are as tollows 





’ 
) \c I ed I 
Production 1406 Tons Tie 5 1400 Tons 
Cost per ton S20] S12 < 2 
Estimated amount avatlabl 
to pay for modernization Sit Sie 


i 





Based upon total modernization cost of $300,000 
the investment should be amortized in less than three 
vears of operation. It should be emphasized again that 
the program Is laid out to be installed progressively 
and that the initial improvements and economies 


were accomplished without major capital expenditures 


Case No. 2 


Figure 9 shows a schematic layout of a yobbing gray 
iron foundry producing miscellaneous automobil and 


farm implement castings, ranging in weight from |] 


with ladle handling fac rlity and also dump ne hatches 


in fore cround 
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time of the survey (July, 1946), this 
ouring 4 to 8 tons of melt every othe: 
rate davs, the workers shook out the 
ined the castings. Production was low 
high. Floor molders produced 5 to 7 


squeeze} molders 10 molds day 


NI in hours were Sb pel ton ot 


pel 


cent. 
lotal area for toundry was 8300 sq it 


was 29 men 
ws a schematic layout of the plant as 
Lhe cupola has been relocated to pei 


38 cent greater area in the 


ately pel 


pn hoist charger and weigh bucket has 


SKIT 


d to facilitate charging the cupola. Bins 


b> 








) 
rials have been provided. Three addi 
ne floors were provided and all floors are 
1 daily instead of every other day \ 
listribution system has been provided to Fig. 11—Molding floor in small gra n foundry 
tal delivery and pouring off. he number Note pouring monora idle nd pouring device 
sf juired to operate the plant has been in 
ine Piece rates on the molds resulted in 
mounted on pin-lift molding machines. Steel flasks 
' init and total production so that approx , 
’ ire used with 3-in. drag and 4-in. cope (13 in. x 18 in 
ons ot good castings per day are produce as 
= 4 1P I I “ Molders produce a total of approximately 250 molds 
| ! reauced to » per ton. Otal cost o : 
% palit wagsies ; in 8 hr averaging from 18 to 40 molds per hr, depend 
tization” was $24,000. The above condi 
: ing upon the number olf cores to be set 
typical, by any means, but is one actual ‘ 
| ldi fl ] Betore the mechanical unit was installed molders 
| e 11] shows the molding floor with monoral , ' 
_— 5 produced 95 to 110 molds in 8 hr and poured off 
itl s 
Fach mold averages approximately 15 lb of metal for 
a total daily requirement of 45,000 Ib of metal. Metal 
Case No. 3 
is melted in gas-fired, nose tilt crucibles with a capacity 
2 shows a schematic layout for a Brass of 700 Ib each. A melting and pouring crew of five 
roducing low pressure valves and some job men charge the furnaces, prepare the metal, and pour 
rk Figure 13 shows a photograph of a similar the molds. Covered pouring ladles, with skimming 
ition. Briefly, the unit consists of 12 molding block, mounted in pouring devices are used for pour 
ith overhead sand delivery to half patterns ing, one man te a ladle. Under the “old” method, a 
Fig. 12—Schematic layout for a small brass foundry. LALLIE wND ONS 
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Iman pouring crew (2 on ladle, 1 on skimming) was 


used \lfter pouring the molds are dumped at the 
returned to 
IT he 


conditioned in a unit where all refuse is removed, the 


end of the roller conveyer and castings 


the Cleaning Room by wheelbarrow sand 1s 
cleaned sand mulled, aerated, and distributed by ove: 
head belt to the molder’s hoppe rs. 

The castings are cropped to remove gates, cleaned 
in a wet blast machine, rough inspected, sorted for 
(weigh counted) and delivered to 


for the 


grinding, weighed 


the grinders. ‘Total manning in the foundry 


valve production iS approximately 0 people, includ 


ing supervision. All the heavy work has been elim 


The 


heat and eliminat 


inated furnaces are hooded and exhausted to 


reduce fumes. General ventilation 


keeps the atmosphere cleat 


‘“Small’’ Malleable Foundry 


While this paper Is to discuss modernization of the 


small foundry, the term “‘small” is a relative rather 


than a generic term, and in the United States a “small” 


] 


malleable foundry is one producing approximately 


5,000 tons of finished castings per year. Therefore, we 


have included in this paper the following discussion 


of a ‘“‘small” malleable foundry 
hig i3 { similar brass foundry installation. Note 
pouring monorail with one man pouring, also use of 


special weight device to eliminate shifting of we ights 
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Case No. 4 


Figure 14 shows a schematic layout 


foundry 
ot 0.409 


producing castings with an ay 
lb each. 
production consists of malleable chain 


\pproximat ly i) pr 


tures, and the remainder constitutes miss 


bing castings. This plant operated fo 


with a conventional type air furnac 


machines or benches with which molds 


Ihe molds were placed on the floor an 
the molders, with such help as was n 
drawn from other departments. Under th 
of operation, the molders produced an 
approximately 115 molds per man per da 
sign of the pattern and size of flask use 


mined not on the basis of securing th 


production pel man-hour of effort, but 


of how much metal the molder was wi! 


at the end of the day. 


When this foundry deve loped its moder 


gram, a comprehensive analysis disclos: 
castings “hit the floor” 10 to 12 times fro 
the mold was shaken out until the casi 


packed in the bags for shipment. In this { 


castings were first cleaned in the hard « 


tumbling. 


After inspec tion, approximate lv 801 


of the work was ground in the hard conditio: 


delivery to the Annealing Department. In t! 


ing Department, periodic ovens were use« 
cvcle. Stacks of pots were hand packed 


after annealing these stacks of pots were d 








Vipuno} UOAL 2]/GVa]]VUL PAaZIUAPPOU VD JO JNOND] J1JDUAYIQ—}f] rue | 





_— . pote -- 
FOVEOSS Oneness FOVBOLS On ganees | OVEO LS Ont dane 


~ - — - 


emt EY he Sea: 




















a1¥v9¢ 

















ve foot ® comme | 


} ‘ paaave 
iv “Sy ry 
TO UU Uo ] 
di 408 WEBiave — sovenis 
= (] 
- -——— 
46a 




















= = 
, =—s = 
pt a 
aawk 

WF hea a 

















hy) 


Mavawasatata sea eee fai 73] fasas 


pa ¥. x. lente ~ seeey 






























































MIODERNIZATION OF THE S\ay 





Fig. 15A—Molding floor and batch furnaces before modernization. 








Fig. 15C—Annealing department. Note packing material and pots scattered on the floor. 














One train of mold conveyer in the 
in the background the two lines of 


molde rs’ hopper < 


center) Inspec tion and sorting prior to de 
to hard tron grinding and pot packing on rolle 


conveyer. 





bottom )—Pot packing unit and pot dumping 
hich eliminates all packing material and cast- 


ing on floor. 
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on the floor. Ihe castings were torked out of the 
packing material with the usual result of a hot, dirty, 
laborious job in the Annealing Department. The an 
nealing pot rings had a lite of approximately 30 heats. 
Lhe survey also disclosed that the total man-hours 
per ton of good castings shipped averaged approx 
imately 115 to 120, based on shipments of approx- 
imately 325 tons of product per month. 

The first step in the foundry modernization pro- 
gram was an analysis of all of the patterns and rigging 
for the job. ‘This resulted in a redesign of many pat- 
terns, which permitted approximately a 10 per cent 
increase in the weight of castings per mold. Pattern 
analysis also established the fact that many molds that 
had been poured two-up, could, by redesign, be 
poured one-up with resultant increase in yield. 

This particular foundry had a wide range of work to 
be made with some molds having as little as 6 Ib ol 
metal per mold and others as much as 30 Ib of metal 
per mold. It was considered most satisfactory to design 
a unit which would permit pouring the mold while 
the mold was stationary so that it could be properly 
identified and poured in the proper manner. Figures 15 
and 16 show conditions of the foundry modernization. 

In Fig. 14 (schematic layout of modernized foundry) 
the foundry was mechanized by the installation of 


facilities which are now to be described. 


Melting Department 


Ihe requirement of eficient production with metal 
requirements of 25 to 60 tons of melt per day resulted 
in decision to install one ventilated bottom, powdered 
coal-fired furnace with a rated bath capacity of ap- 
proximately 12 tons of metal. The furnace was to be 
served with metal melted in a cupola lined to 38 1n., 
which would give a normal melting rate of approx- 
imately 5 tons per hour. Two cupolas were provided 
to be used on alternate days to permit patching during 
the day time in order to insure the reconditioning of 
the cupola while melting supervision was available 
to inspect it. The cupolas are charged by means of 
two skip hoist chargers with a bucket carrying a 1200 
lb batch. A batch weigh larry is mounted on a mono- 
rail to permit the make-up of the charges, each charge 
being approximately 600 Ib with two charges making 
up a batch. The batch is discharged from the weigh 
larry into the bucket of the charger after which the 
starting button is pushed, and the bucket delivers the 
batch into the cupola and returns automatically to 
the loading position. Normal operation requires ap- 
proximately 8 to 10 batches per hour. Two men 
ordinarily are able to charge the cupolas. 

Normal practice is to start melting approximately 
2 hr before molding and to “drop the bottom” approx- 
imately 2 hr betore the end of the day. Fracture bars 
are taken periodically to control metallurgical results. 
Metal of the following composition is consistently 
produced: C—2.50-2.60, Si—1.15-1.20, Mn—0.52-0.60, S— 
0.10-0.12, P—0.16. 


Molding 


The molding unit consists of sand conditioning, 
sand and mold hanaling facilities. There are 36 mold- 
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ing stations, each provided with an ove: 
hopper, holding approximately 114 tons . 

conditioned sand. A jolt squeeze type m 

chine is located under each of the moldi; 
with a spill grate and belt under the machi 
the spill sand back to the sand condition 
ment. Each melder is provided with patt 
(skip flasks), bottom boards, and cores, a! 
working condition so that there are no int 
to the molder securing maximum product 
the molder’s job to produce molds and he 

with all requirements to aid him to produ 


imum number of molds during the working day. \f; 
the molds are made, they are placed on an “ind 
type of mold conveyer, consisting of 24 cars attac! 
to a locomotive to make up a “train.” The capaci 
of each train is the equivalent of 72, 12 in. x 18 j 
molds or an average of four molds per moldir 


station. 

At this point, it should be noted that there ar 
separate units, each with 18 molders. Each unit 
four separate “trains,” each with 24 cars and a Jo: 
motive. Both units are served with sand from a co) 
mon sand conditioning unit. Each train operates | 
a predetermined timed cycle and normal operating 
procedure is such that there are 85 to 90 cyles per 8-lu 
day, permitting an average productive capacity fo) 
each molding station of approximately $60 molds 
Actually, some patterns permit 
others slower, so that the actual production in the uni 


faster productior 
varies from approximately 240 molds per molder p. 
8 hr to a maximum of 450 molds per molder in 8 hi 


Description of Cycle 


Train No. | moves into the molding zone and stops 
at a predetermined position so that bottom boards a1 
returned to the same molder on each cycle. ‘Train \v 
| remains stationary for approximately 414 min dw 
ing which time the molders fill the trays with molds 
At the end of the cycle, a whistle blows and Trai 
No. 1 moves at approximately 120 ft per min into the 
pouring zone and stops in a predetermined position s 
that the same molds always come to the same positio! 
for pouring. This allows maximum identificatior 
of the molds and permits pouring with a minimun 
amount of pouring scrap. 

In the meantime, while Train No. | was moving 
into the pouring zone, Train No. 2 moved into the 
molding zone. During the indexing period, the mold 
ers were busy making an additional mold to be read) 
to place it on the conveyer tray as soon as the train 
stopped. In the meantime, on conveyer No. | in th 
pouring zone, jackets and weights were placed and th 
molds poured from 250-lb covered ladles suspendec 
in pouring devices from trolleys mounted on mono 
rail. These monorail loops are positioned so that the 
pourer catches metal in the ladle at the spout tron 
the air furnace and pours directly into the molds 


This permits a minimum loss of temperature which 
extremely important on this light class of work. Three 
jacket and weight shifters and three pourers |0! each 
unit are able to service the work from the 18 molding 


stations. 


Lhe 


pron 











l rain No | moves 


ring zone into a cooling zone, whilk 


t tiie second cycle. 








ves into the pouring zone, and Train 





into the molding ZOOM At the end ol 


Irain No. 1 moves into the dumping 







cked up” by a tractor drive and carried 





dumping zone at approximately 25 ft 





an automatic device tilts each mold 





sliding the sand and castings onto a 





ipron CONnVEeEVEe! below. whik the bot 





iain on the tray. The sand and castings 





nits are delivered by the apron convevel 






ical, vibrating shakeout The shakeout 





sand and castings, and delivers the cast 






ipron convever, which 1S operated by a 





This time relay also controls the cvcline 





bling mill 














































Q 
Sand Conditioning 
, the shakeout is delivered by belt con 
i magnetk pulley to remoy magnet 
, n by incline belt it goes to a screen to 
butts and other refuse. The screen is 
sed and exhausted with fines control to 
ol of the permeability of the sand without 
S ssive amounts of new sand. The screened 
| sand is delivered to a storage bin provided 
ring hoppers to deliver the sand into batch 
. vhere new sand, seacoal, clay and mois 
cul dded. ‘The mixers are equipped with cooling 
cr } so that cool sand may be delivered at the mold 
v ms. After a mixing cycle of approximately 3 
sand is discharged onto a belt conveyer, 
ivers it to an aerator. From the aerator it 
belt conveyer to the molding stations where 
st ed off into the various molders’ hoppers. One 
ds a he mixer and one man at the plow-olf stations 
in N ie conditioning and delivery of the sand fon 
molders. Sand for additional short run and 
uN nental floor work also is conditioned in the unit 
ra i delivered to the floors by tractor from the hoppers 
to d to receive this sand. 
1On § 
sit Casting Cooling and Cleaning 
AllU 
: istings delivered from the shakeout to the 
m conveyer are carried by the casting apron con 
oving 1 speed of approximately 2 ft per min for 
o the - min to permit the accumulation of a batch of cast 
mold n the apron. At the end of 13 min, the apron 
read tically speeds up to a speed of approximately 
tra r min so that within 2 min the apron is emp 
n tl d the batch of castings is delivered to the wet 
dt mill. The castings are tumbled for 7 min 
id lich time they are rough cleaned and many 
non istings are automatically sprued. At the end 
t tl iin cleaning cycle, the wet mill automatically 
fror tself and during the next 6 min delivers the 
olds to an inclined conveyer. This convever carries 
ic] st a sprueing station where the sprue is placed 
Phi veyer for deliverey to the cupola charge make- 
ach Che castings, after the sprue has been re 
dit ire delivered to the sorting conveyer where 





ort the castings into pans located on roller 








convever adjacent to 1 ! | hes 1s died 


on roller convevyei i carried past nspec ! 
finning stations Alter hicl ilso o1 ) con 
they Are tl insport ad i< ss sca i 
weigh-counted and delivered tiie tot wh 
stations or to the hard tro na s | 7. 
erinders work trom a full pan to an ' nd 
the ground castings are delivered 

oO the ] icking il 


Pot Packing and Unpacking 


\s vou will note trom the photog: 1D it the Ay 
nealing Department Fig. 15 and 16) all of t heavy 
hot, dirty work in the Annealing Department has been 
eliminated by the use of a pot packing and packin 
unit Ihe method otf operation in this a partment 
now is as tollows Lhe trucker delivers the stack ol 
pots to the annealing booth where the bottom board 


! 


iS clamped with an air clamp Lhen the truck drive 


drops the bottom, and backs out with th pedestal! 


lhe castings and pa king material tall ravity onto 


a shakeout, which separates packing material and cast 
ings. The castings are delivered in buckets mounted 


on a monorail for transfer to the grinders tor solt iron 


erinding, when required, or to the shot blast machines 


for final cleaning. Ihe packing material falls through 
the openings on the shakeout deck into an endless 
chain conveyer which elevates it and delivers it to a 
double deck screen. Lhere the oversize material ind 
fines are removed, and the cleaned packing material 1s 
delivered into a storage bin This storage bin is 
equipped with two swivel ty pe outlets with ates to 
permit delivery of the packing material by gravity into 
the rings of castings as they are progressively packed 
After the castings and packing material have dropped 
out of the stack ot pots, the trucker re places the ped 
estal, releases the air clamp, and delivers the stack of 
pots including the pedestal to one ot two platforms 
These platforms are hydraulically operated to permit 
raising and lowering the stack of pots while they 
are progressively packed with castings and packing 
material 

After the pots are filled with castings and packing 
material, the pot is vibrated and after being “mudded” 
the trucker places the stack in the annealing furnace 
It is reported that the use of clean packing material 
permits faster heat transfer so that the annealing cycle 
has been reduced approximately 12 hr. It also is re- 
ported that heat life on the pot rings has been 
increased to approximately 90 heats, compared with 
30 under the old method. Three men are able to pack 
unpack, load and unload the ovens for production of 
approximately 5,000 tons of castings per vear. After 
the annealed castings have been cleaned, they are 
delivered to the sorting tables in the Shipping Depart 


ment for bagging prior to shipment 


Ventilation 


Wherever dust and smoke are created, the facilities 
are hooded, housed, and the air is exhausted so that 
optimum working conditions are maintained. The 
unit heaters in the foundry provide adequate heating 
for sufficient intake air so that the atmosphere of the 








foundry does not become “starved” and good ventila 
tion job is accomplished. In’many foundries the ex 
haust equipment creates a partial vacuum in_ the 
foundry so that smoke and tumes are not removed. 
In order to have air circulation, it is necessary to 
! 
i 


furnish adequate air input into the foundry. 


Production Results 

It is reported that the 36 molding stations are pro 
ducing molds at a rate to permit shipment of approx 
imately 5,000 tons of good castings per year with an 
average casting weight of 0.409 Ib each and that the 
been reduced to approxi 
All of the hard, hot, dirty 


jobs in the foundry have been either eliminated 01 


man hours per ton have 


mately 70 to 75 man-hours. 


provided with labor servicing devices, which permit 
the work to be done with minimum fatigue undet 
the best working conditions. The total cost of such 
a modernization. and mechanization program is re 
turned to the foundry within 30 months of operation 
out of the reduced costs of opere tion. At the same 
time, the closer control of operating variables permits 
the production of high quality castings at low cost. 

Kach of the above distinctly different foundries has 
been modernized and all responded to moderniza 
tion permitting cost reduction which return sufficient 
money to pay for the changes in from | to 4 years 


of operation 


Summary 


In summing up, the author lists some of the items 
which should be investigated and properly modernized 
to secure maximum results. 

a. Sales methods and prices 

b. Organization and personnel 

c. Cost control 

d. Patterns, rigging, production equipment and 

methods 

e. Wage incentives 

f. Plant layout, material handling, good hous« 
keeping 

gy. Mechanized or motorized facilities. 

Modernization and mechanization are not synony 
mous because many types and sizes of foundries cannot 
effectively use or economically justify mechanization. 
No foundry, today, can afford not to modernize and 
provide good working conditions under which the 
producers can produce maximum units with adequate 
return to labor, management and owners. Foundry 
modernization must be “tailored” to fit the particular 
plant under consideration. It is a continuing pro 


gram to meet the increasing demands for higher 
quality, and lower costs, and to take advantage of 
technological developments. Every foundry can mod 


ernize and reduce its costs and improve its product. 


DISCUSSION 


Chairma? James THoxtson, Continental Foundry & Machine 
Co., Fast Chicago, Ind 

Co-Chairma? Fk. W. Bracn, ¢ ampbell 
Muskegon, Mich 
JOUNSON (Written Discussion 


Wrant & Cannon 
Foundry Co 

H. W 
proposed side-dump skip-tvpe charger for use with the No. 4 


Figure 7 shows the 


cupola. I believe it would be well to stress the importance of 


this method of charging being confined io cupolas smaller than 


‘Wells Manuiacturing Co., Skokie, I 





MODERNIZATION OF THE S\gay 


Ne © cupolas Our experience i side-dump sk 
or i No cupola has been nas disappoint 
materials on one side of the cupola creates no 
conditions requiring excessive coke charges to prod 
peratures \ test made in a malleable found; 
east 50 Ib more coke per charge was requires 
charger than trom a cone-bottom type bucket 

What type of charging equipment is recomme 
size cupolas? What are advantages and disad 


tvpes of buckets? 
W R J ABS Hikk The side dump charge! perte 


torily on cupolas up to and including the No. 5 « 


the No. 5, it begins to be questionable in perto 

in anv end dump device there is a difference in 

of material that is cascading trom anv end dumpir 
tain materials will go to one side ot the cupol 
materials with lower momentum will drop to the 
the cupola This is likely to cause channeling of 
one side and channeling of the limestone down ¢ 


with resulting unequal melting conditions in the 


order to correct the unequal melting conditioy 

umount of coke is required Me 
[he best way to charge a cupola, in my opinior 

of the cone-bottom bucket This bucket places 


tightly around the periphery of the cupola and leay ( 


loose and open and promotes a more unitorm 
gases up through the cupola That is the wa 
old-timers taught us to charge a cupola by hand. Me 
it can be done best with a cone-bottom bucket. Th 
cannot be agcomplished with a cone-bottom bucket 
bucket itself’ is properly loaded. We like to load « 


the charg 


buckets from some vertical tvpe hopper, sé 
Whereas, if v« 


load a cone bucket, you are apt to have some unl 


down and distributes itself uniformly 


tribution of the charge unless the system permits you t ( 

the bucket, say the first load in as the bucket sets 

load in a position 180 degrees from that Mr 
Lately another type of charger has become popu 

of the low cost of material handling, and that is th CHA 


skip with a quick release bucket. From a mechanic: 





material handling viewpoint, it appears satisfacton 





















































quickly releasing material into the cupola, the fu - 
drop quite a height onto the bed resulting in tight 
the coke bed and defeating the ideas you might have « 
tration of blast and uniform gas travel through the cups c ¢ 
might be 3 to 31% hr betore the effect of that pach ‘ 
initial part of the heat burned itself out. After the cup Mr 
charged to its normal height, of course, the impact ot the ‘ I 
is not so great and it tends to create a more uniform dens TI 
it still does not leave the center open and loose like ce Co-C 
tom bucket does ype 
Some critical operators, who are getting good = resu ve 
farther, and use a combination svstem They use the fight so 
bottom bucket for the metal and the hinged-bottom buck er cl 
some other type of drop bottom bucket for the coke and s Meme 
In that way, they get a better distribution of the limestone o wo 
they can get with the cone-bottom bucket. They get all the 
thermal efhciency of the cone-bottom bucket system bu Mr. | 
of the exaggerated damage to the linings caused by ( 
stone from the cone-bottom bucket being deflected « te 
the lining SOI 
The inexpensive side-dump skip type charger 1s pertot e€ see 
satisfactorily on small diameter cupolas but for the larg mr less 
ameter cupolas the cone-bottom bucket systems have prove Mr. | 
Chey usually call for some type of crane charger and fle é 
enough to use the cone-bottom bucket or any other typ es 
bucket or combination of buckets. Skip-type charge ig 
erally limited to the use of one style of bucket Mr. k 
Co-CHAIRMAN Bracu: Would vou care to state the 
diameter for cone bucket use? Mr. | 
Mr. JARSCHKE About 42 in. We can make them 
Co-CHAIRMAN Beacu: I am asking for a recomme é KC 
Mr. JAESCHKI We make that recommendation lx . Mr. k 


‘ ' \ 
customer will not make the material small enough | g Ir 





passage from the bucket on diameters lower than tl! 
remember some of our A.F.A. exhibits of vears ago 
The bucket was 6 in 





cone-bottom bucket operating 
and the material was broken down proportionately 


2 Whiting Corp., Harvey, I 








KN 


! a ercial 


v ipphications ou coulk 
sucket down to anv size cupola 
Reterence vas made to a combination iron an¢ 
ducing castings trom 9 lb to about 3 tons 
! te foundry of this tvpe with one ivpe 
Ves f vou ill use the same base sand for the 
rk and a special tacing tor the light work 
claims the chemically-coated sand people 
ecessary to use the special facing 
i foundry of that type a basic sand should 
e small and medium castings and a special 
d be applied to the heavy castings 
omMsSON: Mr. Knight discussed illumination for 
objection to putting in many lights in a foun 
umber ot units vou must install tor adequate 
They require a lot of maintenance 
irge companies recently brought out for high ba 
tube lights with satisfactory results Spacing 
t 40 ft apart both ways, you can light up a 
ery few units giving 25 to 30 ftt-candles of light 
In some of the larger foundries they are putting 
on mercury and filament lamp, high-level il 
ype light Thev are a sealed-beam light. But 
king of that tv pe of lighting so much as I was of 
ork level in the class of foundry that we were 
We would not attempt, in most cases, to establish a 
dle level of illumination throughout the plant 


But i: 
Generally speaking 


ould be uneconomical should be that 


rk level if vou clean up the 


ceiling of your plant and wash the windows and 


:dditional illumination at the working stations 


by 


d reduction in 


fford it mprovement in quality and increase in 


M rap 


| HOMSON If vou do not keep those lights clean 


illumination 


optain required 
kK ' The same applies to the wall surface and the 
They must be kept clean 
1 HOMSON Ihe more windows there are the less 
heir being kept clean 
igo the A.F.S. Plant and Plant Equipment Com 


Dust 


contains 


ventilation (Foundry 


A.FS 


sored a Symposium on 


since been published by and 


is that are worthwhile 


Witson:* What is the best method for getting the dust 
norails, trusses and overhead work in a foundry? 
GHI I have seen a few portable vacuum cleaners 

sers of these vacuum cleaners speak favorably of them 

he best method I have seen so far 

AIRMAN BEACH There are cleaners that take into their 
bout 1,000 lb ot dust at a time They are not too ex 

nd work efficiently Ihe cleaner heads are sufliciently 

hat they can be handled on a long pole to reach the 
rd of the trusses in the average low-tonnage foundry 

k: I would like to know of a means of controlling the 
that comes trom the cupola. We have quite a problem 


oul shop 


Nicht: I do not know whether there is a satisfactory 
mpletely controlling it. Front slagging virtually elim 
ut with a short heat you probably would not want t 
front slagging. In connection with back slagging |! 
i number of catchers rigged, some of which are more 
ccesstul 
FSCHKI Front slagging can be applied to the cupola 


ery short 


hi 


advantages of no loss of 


runs of | 
the 


Front slagging is the cleanest 
es giving 


air through the 


nd better control of cupola operations 


H Do you recommend front slagging for that short 
CHKE: IL would, ves. I like to run a front-slagging 
ke it better than the others, and think it can be 
i cupela running 13, hi 

HT: How about | hr? 

CHKE: I would not slag it at all. I would not even put 


but would run the cupola without flux and with 


I have seen that done in a cupola for longer than 
Engineering Co., Detroit 
Nheel & Car Corp., Bristol, Va. 


nr aduratio me ‘ ‘ ones 


dropped clea 


Mir. ANIGHI With today’s ‘ 

Mir. JArScHK! Ilha is before the There ar 
spraved collectors Most of ther | } h | ‘ cs 
Ford Motor used a shiek < «ch ! ‘ ( chet 
vith the water discharg t« he s ‘ 

Vir. KNIGHT Did thev st hav ‘ on 

Min. JAPSCHKI Yes, but the did me ve ex chet 
shields on all their cupolas This happened t ‘ om " 
ot cupolas Thev had as 1 ! is SO cupolas shop s 
the wool may have come trom somewhere els bre his 3 
ticular set-up of cupolas 1 do not tl h ‘ om ws pre 
duced 

In a little shop in Indiana I sa funne ‘ re 
nected to an exhauster with a iter spray the et t 
exhaust That also was a home-made ithan ! “ e ot M 
Schneible’s lustrations vou will see another idea \V er spi 
ng seems to enter into all of those ideas to minimize " om 
The surest wav ts to tront slag 

( B SCHNEIBLI \ satistactor inranvecne COUSISES Oo 
water-cooled funnel with hollow center: the blast tron he s 
hole is drawn nto that tunnel ane the dust goes up t 1 
collector 

J. FE. Quest Mr. Knight reterred to a minimum da tor 
nage required tor complete mechanization ot a small toundr 
What would vou recommend as the minimum daily tonnage to 
i charge) 

Mr. KNIGHI I doubt that anvone today vt s build 
foundry would put in an elevator and a charging deck in prete 
ence to a charger, regardless of what the tonnage was to lhe 

Mr. Ques! In so many of the old buildings it is a matte 
of conversion difhculties and conversion costs 
Nir. KNIGHT Ihe answer to that is, how many men «ce ou 
have and how many men will be eliminated by tts use Hoy 
much maintenance cost would be eliminated by elimination of 
cost of maintaining yout present clevator 
Nir Ours! In other words, there is no simple answer to the 
mount of tonnage required 
Nir. KNIGHI I do not think the tonnage has anything to «ce 
with it. I think it is a question of man-hours 
Member: We have a cupola in the center of the toundry 1 
run a charger in, involves an overhead carry of about 90 ft. Is 
that practicable for a charging svstem 
Mr. KNIGHT Under some conditions, ves, very definitely 
MemBer: Then in regard to the pouring distance and pouring 
crews, when you are running a foundry of about 12 tons do you 
not run into a problem of trying to get your melting rate down 
so you do not exceed the capacity of the pouring crew 
Mr. KNIGHT That is right. You either have to get the 
melting rate down or the pouring crew up 
Memper: What would be the minimum rate that you could 
melt and maintain a pouring crew ethciently 
Mr. KNIGHT That would depend on the amount of met Del 
mold to a large extent. In the example that I gave, we hae 

eight men pouring and eight men shifting 4 hr, plus two bul 

ladle men to keep them going, but during the other 4 hr, the 

hauled castings to the cleaning room. cut sand over and did 
other laboring work around the toundry, where we otherwise 
would have additional peopl It is a question of setting up 

manual of work to be done and using those people for the jobs 
that have to be done 

Mr. Quest Does the foundry in this case incorporate me 
chanical sand-handling and sand-processing equipment 

Mir. KNIGHT There was none in that foundry 


Mr. Quest 
of in the daytime 
Mr. KNIGH! 


by that crew? 


The shifters actually did the dumping 


Mr. Quest And the shakeout? 

Mr. KNIGHT The castings were picked out of the sand 
placed at the end of the floor by the shifters 

Mr. Quest: Was there any night work at all? 

Mir. KNIGHT Ihe pourers came in about 4 hr before 
were supposed to start pouring and they worked for 314 hi 


the molders quit so that for all 


work was done 
Claude B. Schneible Co., Detroit 
sj. F Foundry Co., Minneapolis 


Quest 


Was the shakeout operation eventually taken care 


and 


ine 


atte 


practical purposes by 7 pm the 











w he ‘ re pouring oft Whe pourt I hale ‘ 
me ine ‘ i do vou not have a mold is problem 

Nir. KNIGH We nevel pour in the m talus wea The me 
isc porta e machines and work back on the he ip [he tou 
i doe not pou! until after there ire t hr of nold o1 the 
hoor It Ne nr there are ilmost as many molds on the floor 
is there ise t¢ n 6 hr because the molders do not have t 
poul thet 

\ir JAPSCHIKE Is it not true that when ou stretch out the 
pour period and pour at a slower rate, the natural ventila 
tion of the building will take care of the gases much bette 
than when you pour off a large heat in a short period ot time 

Mr. KNIGHI That is true There is no comparison between 
the conditions you have when you pour off in | or 114 hr as 
compared with pouring off over a 4 or 8-hr period, There is no 
interference with the molder, because the pouring is at least 20 
to 30 ft away trom the moldet 


distance: 


Mr. Qurst: Is that a minimum 

Mr. KNIGHT No, but that h ippens to be the case in the sl ops 
where this system 1s pl icticed 

W. R. Torn In the malleable shop mentioned by the 
iuthor where there were 36 molders I think he said they cooled 


the molds atte pouring Lhey put them on a conveyor to go at 
right ingles to the shakeout How did they handle the excess 
sand going to the moldei hoppers abover Did that have a chute 
ind was handled on tl same conveyor o1 disposed of sepa 
rately 

VIR KNIGHI \ chute delivered the overflow to the return 
cCOnVeEVO! 

C. B. Jupay Referring to Mr. Jaeschke’s problem on wool 
from the slag spout, we solved this problem by putting a hood 
over the slag spout and running a 27-in diam exhaust pipe 
from this hood vertically up the side of the cupola and into the 


charge doo1 
the rock 


had pre viously 


the 
not 
We 


cupola stack on a 15-degree 


We that this 


wool 


angle, 5 ft above 


arrangement removed only 


the 


found 


but also the gas trom slag hole 


had numerous complaints trom gas 


Mr, JArescuke: Where does it go after leaving the cupola stack? 

Member: Did vou have a water-cooled hood on that? 

Mr. JUDAY Ihe wool seems to disintegrate in the stack be 
cause we have never seen any wool on the ground or in the an 
We did not have a wate cooled hood 

R. S. FORBES Is it feasible to put in floor ventilation where 
you intend to pour and mold at the same time, using a system 
such as the one discussed, whereby the molders are molding 
ind the pouring is going on at the same time? Is it practicable 
to successfully aerate at the floor level, so it would be possible to 

Ame seatir ( Grand R apids M 
| ‘ ( New Cast Ind 


Canada 


NMIODERNiZATION OF 


IH 


SMAI 





continuse Is 


eEXDENSIVE iv of doing that in an old found 

Mr. KNIGHT: Inexpensive is a relative term. Hi 
ou be w ing to spend to improve your work 
Ho far do vou want to Improve theme Ube el 
s one that I think is most mistreated. It is ¢ 
ood engineering job for foundries has rare he. 
one on which an untold sum of money can be si 

Vin. SCHNEIBLE On this immediate problen 
distance-ot-pouring zone t should be possibl 
sive job of ventilation at such a station 

Mik. KNIGHT [hat is not a station That is pe 
out the whole foundry 

Mr. SCHNEIBLE Let us consider it as a whole 
roof monitors. The trouble with most installati« 
has been that there has been no wav of letting 
building so that the air could get out of the m« 
summer when the windows are open there is a na 
static stack action. In the winter, however, whet 
the windows there is no wavy of admitting fres} 
building to allow the hot, smoky air to get out. \ 


will have to be studied from the standpoint of | 


from 


proper 


the 


qu mnicity 


outside 


and ad 


ot d 


undoubtedly heating it 


I know of no other way 


have been some applic itions where the warm air 
of the toundry has been pumped down when it 
smoky up above, but your winter operation is a 
the monitor-controlled foundry The primary pai 
would be in the admission by an air pump or fan 
deliver a regulated amount of air into the found 
work floor to replace that which will go out 
monitor 

Mr. Knicut: In one shop that poured about 18 


we 


installed a 


series of unit heaters and brought 


mately 40 per cent of the replacement air necessat 


that and delivered it at certain control points arout 


dry and allowed 60 per cent of the exhaust air to co 


filtration 
ot air 
from th 
heated 


did hav 


the 


1. Power 


vi 0 


€ 


ventilators in the roof moved a e 


10 per cent of which was replaced by heated 


poure TS 


utside through ventilators. In the sum: 

is drawn through filters with no heat. In the wint 
That has permitted 4-hr pouring in a shop 

a high percentage of cores and where 

tion of core smoke was a problem not for the mo 
Do you not agree that a proper 


Min) SCHNEIBLI 
an engineering standpoint would be to pump a defu 


ot air ¢ 
blow in 


ink Stim 


neered 


ul 
a 
nel 


and 





the building with root ventil 
ot 


less building leakage? 


ol powell 


definite volume air, heated in winter 


Such a plant c 


would be a feasible way of keeping the 


















































ABSTRACT 


a as een leve ped f hie é Star 
l 
est bars with a short time operating cycle The 
vily was designed in such a manner that sound 


; 


e obtained with the pouring of a small amount 
ith a minimum of trimming to remove the gates 
hich influence the mold operat n and test bar 

e been examined by means of the casting of five 
um alloys. The pouring temperature was found 
operating cycle only slightly, but the mold 

reat effect upon the cycle The mold tem 

also found to influence the tensile and hardness 
Heat treated alloys were especially responsive to 
change. The thickness of the mold coat, the 
in the mold, and the rate of pouring the 


t affect the tensile properties only under 


Introduction 


[HE RISING IMPORTANCE of permanent molds in 
uminum foundry industry has brought about 
easing need for information on the operation 
sign of permanent molds. Because of the 
nature of each permanent mold, it is difficult 
blish definite rules concerning them. For this 
there 1s little data available on the effects of 
onal variables. ‘This is especially true for test 


; 


Olds 


ie design and operation of a permanent mold, 
ber of factors and variables must be considered. 
e€ importance is the production of a sound 
all other factors must be subordinate to this. 
same time, it is highly desirable that the trim 


of the casting be kept to a minimum and that 


sunt of metal (scrap) trimmed off be small. It 
se beneficial to retain the cast surface on the 
casting to make use of the higher properties 
chilled “‘skin’’. 
ning the operation of the mold, it is advis 
keep the operating cycle short in order to 


paper is one of a series of reports in a research pro- 
cast aluminum alloys conducted at Case Institute of 
gy for the Aluminum Research Institute, Chicago 


earch Laboratory for Mechanical Metallurgy, Case Insti 
hnology, Cleveland, Ohio 


‘HE DEVELOPMENT OF A PERMANENT MOLD FOR 
ALUMINUM TENSILE TEST BARS! 
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increase the productivity ot the mold and to utilize 
the heat transferred from the casting to the mold. In 
line with this reasoning, any mechanical aids in the 
mechanics of the operation will help to minimize the 
operating cycle 

In addition, it is advantageous if the cost of the 
mold can be kept to a minimum, | his means elimina 
tion of all die-sinking machining operations and 
replacing them with simple mulling, drilling and 
reaming operations. 

Attempts to obtain a permanent mold which em 
bodies a correct balance among all of these factors 
are presented in this paper. The development of the 
mold discussed necessitated the investigation of all 
pertinent variables 

(he data contained herein may be applied specifi 
cally only to the mold discussed. However, the general 
trends of the variables considered and investigated 
should be the same for a large number of the perma 
nent molds employed for the casting of aluminum 
alloys. 

Design of the Mold 
Material 

The design of the mold used in this investigation 
is shown in Fig. 1. The material used for the mold 
block and hinges was cast meehanite This was in 
accord with the commercial practice of choosing a 
mold material of any good grade, small grained cast 


iron or steel. 


Hinging 

Although the mold shown in Fig. | was hinged at 
the bottom, a slightly less expensive mold, having the 
same cavity, was made with a side hinge, Fig. 2. In the 
case of side hinging, the hinge was cast as an integral 
part of the mold. The main disadvantage of side 
hinging lied in the possibility of wearing in the hinge, 
thus producing a misalignment of the mold. Wearing 
of the hinge of the bottom-hinged mold would have 
no such effect. 

In order to forestall the possibility of wearing in 
the side hinge, short dowel pins with rounded ends 
were added to the mold to produce positive align 
ment. As an added alignment precaution for the 
bottom hinged mold, close fitting guide plates were 
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Fig. 3—View of mold cavity without mold coating. 


added to the top ol the mold. No difference was ob 
served in the performance of the two molds, nor in 
the properties ot the resultant test bar castings. 


Gating 

As shown in Fig. 1, the mold contains a center 
sprue. Four gates were so located that they spanned 
the reduced section of the test bars, but in no plac 
intersected the test section of the bars. The upper 
end of each test bar was made long, in order to pro 
vide adequate feeding from the top of the mold 
Figure 3 shows a closeup view of the mold cavity prior 
to coating 

Ihe size and location of the sprue with regard to 
the test bars represents a compromise among several 
conflicting factors. In the first place, it was desirable 
to make the sprue cross section as large as possible 
to provide sufficient molten metal to feed the test 
bar cavity. However, if the sprue were too large, the 


Fig. 4—A casting before extra mold coating was added 


to wedge gates of the mold. 
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reservoir of hot metal in the sprue would 
slow cooling rate in the side of the test 
the sprue, and so yield bars which were 1 
in the hardness of their cross section. Ano 
tion which was to be considered was tha 


should not be so long that the molten 


cool down in passing through them. The { des 
shown is the compromise among these | rs a 
consists of a fairly small sprue with reasonably gh 
gates. Adequate feeding can be maintained 
insulation of the sprue cavity, as will b hae 
later. 


Originally, the mold was built with gates 
shaped cross section. Since the casting nded 
shrink about its horizontal centerline, it w 
that gates of this design might utilize this shrin} 
to loosen the casting from the mold without da 
to the mold coating. However, when the old 
put into operation it was found that shrinks app 
in the lower heads of each bar, indicating ¢] 
lower end of the casting was injproperly fed 

lo correct this fault, a heavier mold coati: 
added to the lowe1 gates and the lower section of 
sprue. This eliminated the visible shrink, but 
graphs showed that a small amount of shrinkag 


mained in both the upper and lower heads. | 


t shows a casting before the extra coating was 





to the wedge gates, and Fig. 5 shows a castin 
the extra coating was added. 
lo eliminate the shrinkage completely, the 





were enlarged by making them rectangular. T] 





side dimensions of the rectangular gates were the s Fig 
as those of the previous wedge gate. A draft ang 
seven degrees was placed at the edges of th 


facilitate operation of the mold. However, ever 





graphite was added to the edges, the mold oj 
with difficulty and the casting sometimes crack 
chipped the mold coating. This difficulty was 
nated by increasing the angle on the inside gate 
from seven degrees to 30 degrees. Figure 6 shows 
casting with the rectangular gates. As seen in I 

the shrinkage has been visually eliminated by 
rectangular gates. Radiographs also showed 1 





ternal shrinkage. 


Test Bar Cavity 





The test bar cavity was cut to produce bars act 
oh 


ing to the ASTM Standards. The design of th 


sn 


Fig. 5—A casting after extra mold coating 
to wedge gates of the mold. 
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{ casting after mold was changed to 


rectangular gates. 


; this cavity, as well as all others, to be cut 


achining operations. 


Design of Mold Accessories 

Casting Ejection 
iting the mold it was found advisable to 
ple ejector system to aid in the removal of 
from the mold. The ejector is shown in 
Fig. 7 mounted on the mold. The ejector was pri- 
simple lever system with a mechanical ad 
large enough to remove the casting from the 
id with a slight pedal pressure. It will be noted, 
Fig. 7, that the ejection was accomplished by a single 


: : 
ij Back view of mold showing the ejector 


mounted. 
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pin located slightly above the centerline of the uppel 
gate. Lhe location of the eyector pin provided a sim 
ple check on the removal of a casting which was not 
completely solid Ihe pin had a tendency to bend 
or break the sprue instead of ejecting a casting of 
which the sprue was still “mushy’*. Therefore, if th 
casting could be ejected without imnyury to the spruc 
It was certain that the casting had completely 


solidifi d. 


Mold Frame 


The angle of mount of the mold frame (30 degrees 
was determined experimentally so that any splashing 
at the mold bottom would be avoided, and vet so that 
maximum mold filling was provided 

lwo toggle clamps, each capable of exerting 350 Ib 
force, were used to hold the mold togethe Lh post 


tion of the clamps is shown in Fig. 5 


Thermal Measurements 


The temperature of the mold was determined by 
the use of a chromel-alumel thermocouple located di 
rectly behind the center of the reduced section of the 
left test bar cavity, and half way between the bottom 
of the cavity and the back of the mold All tempera 


ture readings were made on an L and N potentiometer 


Preheater 

Since the mold was operated at elevated tempera 
tures, the need existed for establishing an initial mold 
temperature of the approximate value which was to 
be used in the mold operation. This temperature was 
obtained easily with the aid of a simple preheater 


* It was found experimentally that the top of the sprue was 


the last part of the casting to solidify 
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Fig. 8—Effect of thickness of mold coating on 


properties of alloy ARI-SC1. 
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which consisted ol a pertorated cast iron pipe closed 
at one end and connected to an air and gas supply on 
the other. 44-In. pipe with 
three 14-in. holes along the side. The 
located so that when the outer two were placed di 
the center hole 


Ihe preheater was made of 
holes were 


rectly ove! the two test bar cavities, 
would be directly over the sprue. 
Ihe preheater was used at the top of the mold. 
The mold was opened enough to allow the preheate! 
to fit between the the flame was 
directed on the inne mold. The flame 


was kept neutral so that no carbon residue was de 


two halves, and 


faces of the 


posited on the mold face, nor was the mold face 
oxidized 
Mold Operation 
Mold Coating Application 
bl 
lo maintain consistency in procedure, a single 


composition of mold coating was used in this work. 
The coating chosen was a proprietary aqueous suspen 
tion of china clay and iron oxide, which had been 
found to give good results in commercial applications. 

The coating was applied with a spray gun using a 
pressure of about 20 psi gage pressure. In applying 
the coating, it was found preferable to lay down a 
number of thin coats rather than a single thick coat. 
The coating was sprayed on while the mold was at a 
temperature between 400 and 600 F. 

The mold coating on the sprue 
sprayed on to a thickness of about 14, in. 
of the test bars. were coated to a thickness of about 145 
the reduced sections of the test bars were 
about 0.005 in. This pro 


and gates was 


The heads 


in., while 
coated to a thickness of 
cedure used the insulating property of the coating to 
help control the initiation and direction of freezing 
of the metal, so that freezing began at the reduced 
section and progressed to the sprue. To establish a 
definite place of initial freezing, the mold coat at the 
center of the reduced section was tapered so that the 
thinnest coating (0.003 in.) was present at the center 
of the reduced section of the test bar. 

The practice of tapering the mold coating was 
established after it was found that a uniform coating 
in this section resulted in small surface shrinks and 
slightly lowered properties. 

Ihe data from a few tests (listed below) made on 
bars from the same heat, with a uniform coating and 
with a tapered coating, show the difference in tensile 
properties 


ARI-SCI Alloy As Cast * 





Yield Strength, Tensile Strength, Elongation, 


1000 psi 1000 psi Per Cent 
Uniform Mold Coating 
in Test Section 12.0 21.0 15 
Tapered Mold Coating 
in Test Section 13.2 24.2 2.5 





In order that the spray be applied only to the de 
sired portions of the mold, masks were placed over the 
mold surfaces on which no mold coating was desired. 


* The alloy designations given in this paper are those estab- 
lished by the ASTM for aluminum permanent mold alloys. The 


letters ‘ARI’ (Aluminum Research Institute) are used as a 


prefix to indicate that the alloys also meet ARI standards. 
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After the mold had been sprayed, all excess 
ing was scraped off the parting surfaces of 
to insure proper closing contact. and thei 
mission across the parting surfaces. 

fo facilitate removal of the casting from 
graphite in the form of “aqua-dag” was spl 
the mold coating on the gate Cavities of 


Mold Coating Thickness 


Ihe mold coat has as its functions the 
of the mold; the control of the surface conditions 
the casting; and partially, the chilling effect of 
mold. The thickness of the mold coat is primay; 
concerned with its effect on the chilling capacin 





the mold. Pim 
In investigating the effect of mold coat thicknex I} 
the mold coating was varied only at the reduced s 
tion of the test bars. The remainder of the mold y» porti 
coated as described above, and maintained constay: of 
lest bars were cast into the mold for coatings at + mold 
reduced section from zero to 0.022 in. thick. T) I} 
thickness of the coat was determined by measuring prope 
the bar radius and subtracting that value from the Ming t 
radius of a bar cast when no mold coating was used —Bediffe 
Figure 8 shows the effect of mold coat thickness tion 


the properties of alloy ARI-SCI in two conditioy Fig 
With the exception of the yield strength, all properties J o! 
reached a maximum at about 0.0025 in. of coating 
The variation in the specific gravity in Fig. 8 explains , 
the change in properties. Since the yield strengt! 

not affected by small changes in density, it is to | 
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Fig. 9—Effect of time of casting in the mold on (ensi g 
properties of alloy ARI-SC1. 
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no change in yield strength within this 


coating thickness would exist 


be noted that, although a considerabk 


yperties for the normal variation in thick 


only a slight change in properties fot 


variation in thickness which would be 


commercial operation. In the operation 


it was found that the maximum varia 
kness was trom about 0.001 to 0.005 in 
mean a variation in test bar diametet 
to 0.492 in Ihe variation in tensile 
this much change in mold coat is only 


per cent, Fig. 8 


the Mold 


Limes 


( 


7 


th of that a casting is left in a mold 


he physical properties of the casting pro 


time 


to the effect it has upon the cooling rate 


Ing The longer the casting is left in the 
solidification, the slower is the cooling 
ct of the time in the mold on the tensile 


ARI-SCI was determined by allow 
isting to the several 


The minimum time in this investiga 


of alloy 


remain in mold for 


imited by the necessity for a solid casting 


) shows the effect on the tensile properties 


ne of casting in the mold. The tensile 
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ject of pouring rate on tensile properties 


of alloy ARI-SCI1. 


streneth increased about thre mer 4 t to i decreas 
in time in the mold tron to 1.5 7 s Anu 
crease ot time in the mold trom th to to nutes 
had no etlect upon the properties. Lhe yield strength 
was practically unatiected by the variation in time u 
the mold 

It is to be ex pected Liat thre propel cs ould it} 
crease slightly tor shorter times in the mold trom a 
consideration ot the cOOLnNY rate When the casting 
is removed trom the mold it is allowed to cool con 


siderably faster than when in the mold During the 
time when the casting is at a high temperature, this 
effect of added chilling rate is measurable as shown 
Fig. 9, at times trom 1.5 to 3 minutes 
Pouring Rate 
Ihe rate at which metal ts poured into the mold 
influences the turbulency of the liquid metal as well 
which it reaches the casting 


as the temperature at 
Lhese two tactors tend to oppose one another 


propel 

since a fast rate of pour results in turbulence but a 
more suitable casting temperature, while a slow rate 
of pour results in viscous flow but a lowering ot the 
metal temperature to a point that it might trees be 


fore filling the mold 
lo determine the effect of the rate of 
the castings’ properties, allovs ARI-SCI1 and ARI-CS4 


were poured through nozzles with various hold diam 


poul upon 


The time required to fill the 


eters trom 14 to 5, 1n 


nozzles was measured and 


I hen the 


these various 


mold using 


the castings were we ighed pouring rates in 


pounds pel second were calculated. [he largest pout 
ing rate was chosen well within the maximum possible 


rate allowed by the narrowest portion of the feeding 


system. Figure 10 shows the change in tensile proper 
ties of ARI-SCI with a variation in pouring rate for 
the “as cast” condition of tensile bars tested within 
24 hours and alter two weeks 

From Fig. 10 it can be seen that the tensile strength 


maximum at a pouring rate of about 0.20 
For pouring rates above this value 


then 


reached a 
pound per second 
that the 
surface. At high pouring rates (1.5 


mold) an obvious wrinkling of the 


it was noted castings lost some ol 


seconds 


skin re 


smooth 


to fill the 
All bars having this disturbed skin effect had 


sulted. 
tensile strengths which were slightly lower than 
smooth castings 

Bars poured at the slowest rate, in Fig. 10, also 
showed by tensile strengths. ‘This was attributed to 


the fact that at slow pouring rates the test bars con 
reduced section, indicating 
that solidification 


tained cold shuts in the 


that the rate of pour 
began before the test bar cavity was complet ly filled 
10 follows the tensile 


was $o sk Ww 


The elongation shown in Fig. 
strength, but the yield strength was unaffected by the 
pouring rate. Since it has been well established that 
small defects have no effect on the vield strength, it 
would be expected that the yield strength would not 
be affected by the pouring rate. 

Figure 1] shows the effect of the pouring rate upon 
the tensile properties of alloy ARI-CS4 in the solution 
heat treated and aged condition. These curves indi- 
cate that, for alloy ARI-CS4, a fast pouring rate does 


not reduce the tensile properties, but a very slow rate 
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Fig. 11—Effect of pouring rate on tensile properties of 
alloy ARI-CS4 in the solution heat treated and aged 
condition. 
is quite harmful to the tensile strength and elonga 
tion. It might be mentioned that the bars containing 
shrinks were not rejected unless the fracture took 
place through the shrunken portion of the bar. ‘Thus, 
the values given in Fig. 10 and 11 do not show the 
effect of the pouring rate on the number of defects 

or the magnitude of the defects. 
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ARI-SCI D 4.46 5.71 0.71 0.04 
I 4.70 5.78 0.78 0.02 
G 4.67 5.66 0.73 0.04 
ARI-CS22 D 7.03 3.01 1.03 0.01 
ARI-S2 G 0.58 5.07 0.65 0.08 
ARI-CS4 D 4.41 2.45 0.89 < 0.01 
G 4.63 2.45 0.80 0.08 


1.11 0.27 
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Ni Mn Sn 
0.19 0.40 0.10 
0.30 0.32 0.03 
0.24 0.38 0.038 
0.33 0.50 0.07 
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0.05 0.45 <0.01 
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Fig. 22—Effect of mold temperature on tensile proper 
ties of ARI-CS22 permanent mold alloy 


temperature as the operating temperature is lowered 

When molten metal is poured into a permanent 
mold, the mold temperature will change, the change 
being dependent upon the relationship between the 
radiation of heat from the mold to the air and the 
absorption of heat from the metal to the mold. Figure 
15 shows the maximum rise in temperature of the 
mold from the operating temperature for various ini 
tial mold temperatures and for a pouring temperature 
of 1250 F. It will be noted that the curve in Fig. 15 
would cross the abscissa (zero rise in mold tempera- 
ture) for a mold temperature slightly higher than 
850 F. This is in agreement with the fact that the 
maximum operating temperature was found experi 
mentally to be 850 F for the pouring temperature 1250 
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23—Effect of mold temperature on hardness of 
1RI-CS4 permanent mold alloys in the solution heat 
treated condition. 
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Fig. 25—Effect of mold temperature on the hardness 
of ARI-S2 permanent mold alloy. 


+25 F. A mold temperature above 850 F may be 
obtained only by the addition of heat from an outside 
source. Below 850 F the mold may be operated with- 
out the addition of heat other than that supplied by 
the metal. All mold temperature measurements repre- 
sent equilibrium thermal conditions. This necessi- 
tated preheating the mold to the temperature under 
consideration and then pouring castings until no fluc- 
tuation in mold temperature occurred for a given 
cycle. If the mold was preheated carefully, two cast- 
ings were sufficient to establish an equilibrium tem- 


perature. 

Tensile Properties— The effect on the tensile prop- 
erties of the mold temperature was investigated by 
holding the melting and pouring temperatures within 
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the limits specified earlier, and varying the mold tem x 
perature through mold cycle changes. Generally, thre N 
castings (six tensile test bars) were cast for each moi N a) 
temperature. N 
The properties of test bars cast at different mo 4 
temperatures generally varied in the same manner 10! 
all alloys studied. Figures 16 to 22 show the efiect 3 
the mold temperature on the tensile properties {0! 
all five alloys investigated. Figures 23 to 27 show t ‘ 





effect of mold temperature on the hardness values 
all five alloys. 

The tensile strength of all alloys decreased as 
mold temperature increased. Alloys which were he#! 
treated showed a much more marked reaction to mo 
temperature than the non-heat treated alloy Allovs 
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\RLCS4 and ARI-SCI were investigated in both the 
solution heat treated condition and the “‘as cast”’ con- 


al 


cry 


tion to show the greater response of heat treated 


ns to mold temperature. 
\ comparison of Fig. 16 and 17 shows the effect of 


id temperature upon heat treated as against “as 


alloy ARI-CS4. For an increase in mold temper- 
from 600 to 800 F, the heat treated specimens, 


Fig. 16, showed a reduction in tensile strength of 
about seven per cent. The “as cast” specimens of the 
same alloy, Fig. 17, revealed a reduction in strength 


increase in mold 


IS and 


of only 1.5 per cent to the same 
temperature. 
this same increase in effect of mold temperature with 
heat treatment, for ARL-SC]I 
tensile strength of ARI-SC1, Fig. 18, drops about three 
from 


A comparison of Fig 19 shows 


alloy ihe “as cast” 


increase of mold temperature 


per cent for an 
600 to 800 F, while the 
strength of the same alloy, Fig. 19, drops about nine 


solution heat treated tensile 


cent for the same increase 
Ihe greater effect of the mold temperature on the 


tensile properties of the heat treated alloys than the 


per in mold temperature. 


non-heat treated alloys can be explained by the fine 
erain structure of the more highly chilled castings, 
and the fact that more of the soluble 
main in the 
more highly chilled specimens 
into a cool mold not only contain more 
heat treatment, but they also respond more 


constituents re 


cast” structure of the 


Thus, specimens cast 


solution in “as 


solid solution 
before 
readily to the solution heat treatment because of the 
finer grains which provide larger areas of micro-con 
stituents for reaction. 

For all of the alloys, a considerable drop in tensile 
strength took place for an increase in mold tempera 
ture from 600 to 800 F. However, for mold tempera 
ture from 600 to 400 F the change in tensile strength 
was present but in a smaller degree. However, it must 
be kept in mind that the probability of casting defects 
caused by the lower mold temperatures may counter 
act the benefits of the more rapid chill. 


Fig. 27—Effect of mold temperature on hardness values 
for ARI-SCI permanent mold alloy. 
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R. 1] 


rhe et of the reduced castability of alloy 
low mold temperatures is shown in Fig. 


cimens shown in Fig. 17 tor mold tem 
ow 600 F were visually detective because 
filling of the mold. With special care 


is eliminated, as is shown by the fact that 
se properties are represented in Fig. 18, 


oo | 


investigated, those requiring special cars 


aown to a mold temperature ol 


to low temperature molds were ARI-CS22, 


RI-( nd ARI-CG! Ihe alloys ARI-SCI and 
RES ited in no casting detects tor mold tem 
low as 400 F, which was the end point 

Sstigation 
The ield strength ol! all allovs except ARI-CS4 
: tions with the mold temperature simiian 
, the tensile streneth. Alloy ARI-CS4 ex 
eht increase in vield strength with increas 
emperature iD both the solution heat 
as cast” conditions, Fig. 16 and 17 1 hie 
reas his behavior has not vet been determined 


v noted that this behavior ts unique with 


\RLCS4, since alloy ARI-SCI, which is chemi 
, i to ARI-CS4, decreases in vield strength 
’ ising mold temperature in the heat treated 
ist’ conditions, Fig. 18 and 19. 
The elongation for the ductile alloys exhibited the 
A of curve as the tensile strength. The elonga 
’ for the less ductile allovs showed no variation 
\ ) temperature, probably because the changes 
) i the same order of magnitude as the errors in 
measurement of the elongation. This supposition 1s 
Substantiated by comparing Fig. 18 and 19. Alloy 
ARISCI was used in both cases. 
ongation of test bars in the “as cast” condi 
7 Fie. 18, did not respond to mold temperature 
chang but those in the solution heat treated condi 
t Fig. 19, showed a considerable change in elonga 
tion. Although this increased effect may be explained 
partial vy by the increased response to heat treatment, 
geome of the change must be accredited to the greater 
nsitivity of the higher elongations. 
The effect of the mold temperature on the hard- 
ess ol the five allovs as shown in Fig. 23 to 27 1S 
@niy slight. The hardness values tend to follow the 
mame trend as the tensile strength for variations in 
mnold temperature. However, the insensitivity of the 


tests for cast alloys makes it difficult to ex 


changes of the order shown in the tensile tests. 


Rate— I he 
hange in mold temperature seems to be dependent 


Chilling change in properties with a 


most entirely upon the different chilling rate of the 
old at various temperatures. Consequently, to ob 
rve the difference in the rate of chill of molds at 
ifferent temperatures, bars were cast with a thermo 
Bouple at the reduced section. The thermocouple was 
meated, except at the tip, with a thin layer of mold 
pat or insulation. Before the casting was poured 
ie mocouple was heated to the temperature of 
to reduce its chilling effect. 
I 28 shows the cooling curves for bars cast 
ito ls at 750 and 550 F. 
ft » minutes and one minute, respectively, to be 


The bars were removed 


consistent with the pi icLice established at the sta 


of this investigation) of keeping the casting in th 


mold for a period of time twice the time required to 
the riser to treez 

In Fig. 28 the cooling rate of a casting quenched 
from 940 F into water at 210 F was superimposed 


upon the other two curves, t ive a comparison with 


the quenching rate achieved in 


os 


the usual heat treat 


ment Lhe results of this investigation are especially 


the 1000 to 700 F, which 


the 


miteresting in revion. trom 


range contains usual solution heat treating tem 


perature Lhe more rapid cooling in the colder mold 


through this range agrees with the previously noted 


fact that the heat treated allovs cast in a relatively 


cold mold show vereatecl PCSPOTs¢ to the heat treatment 


because of a larger amount ol retained solid solution 


lo verity the explanation ot the increased propel 


ties the response to heat treatment of the more dras 
tically chilled specimens because ol small erain size 
micro- and macro-examinations were made of castings 


ARI-CS22 which had been cast at various 


mold t mperatures 


ot alloy 


Figure 29a shows the microstructure of a bat poured 
mold at 800 | the 


fine grained constituents resulting from casting into 


Into a Figures 29b and 29c¢ show 


molds of 600 and 400 1 Lhe effect of a change in 
mold temperature from 800 to 600 F is much more 
appreciable than a change trom 600 to 400 T This 


agrees with the fact shown previously that the tensile 


properties are affected more drastically in the mold 
temperature range 800 to 600 F than the range 600 
to 400 F. 

The macrostructure shown in Fig. 30a, 30b, and 
(0c exhibit the same grain structure differences as 
were found in the microstructure. Figure 30a shows 
equiaxed grains throughout the cross section, which 
are about the same size as the few grains at the cente 
of the structures shown in Figs. 50b and 30¢ This 


suggests that the cooling rate of the center of the bars 


cast into molds at 600 and 400 F is about the same as 

















the whole bar cast into a mold at 800 F 
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Fig. 31—Effect of mold temperature on density of 
alloys ARI-CS4 and ARI-SC1. 
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Density—In view of the reduction of grain size with 
a decrease in mold temperature, it would be expected 
that an increase in density would also be accomplished 
by the use of low mold temperatures. To establish 
this, a set of density measurements was made on alloys 
ARIL-SCI and ARI-CS4. In measuring the density, 
small cylinders were machined from the reduced sec 
tion of bars cast at different mold te mperatures, meas- 
ured dimensionally very accurately, and weighed care 
fully. The densities as computed from these data are 
plotted in Fig. 31. The resulting curves show a slight 
increase in density with a decrease in mold tem 
perature 


Conclusions 


From this investigation the following conclusions 
may be drawn. 

|. A practical operating temperature for the mold 
described may be chosen over a range of temperatures 
from 600 to 800 F. The selection of the operating 
temperature is dependent upon the demands imposed 
by the time required for the operating cycle, the 
maintenance of a continuous mold coating, and the 
physical properties of the castings. As the mold tem 
perature decreases, the time required for. operation 
increases and the mold coating is more susceptible to 
damage, but the physical properties are higher. ‘There- 
fore, a cycle must be chosen which permits good 
physical properties and at the same time produces a 
sufficient number of castings without damage to the 
mold coating. 

2. The thickness of the mold coating has a slight 
effect upon the properties over a wide range of thick 
nesses. In the range of usual operation conditions, 
the mold coat thickness has an effect upon the proper- 
ties within the limits of ordinary scatter. The yield 
strengths and the aging characteristics remained un 
changed for all thicknesses investigated. 

8. The time for which the casting is left in the 
mold affects the tensile strength about three per cent 
for times from 1.5 to 4 minutes in the mold. The 
shortest time in the mold results in the highest tensile 
strength and elongation. The yield strength is not 
measurably affected by various times in the mold. 

t. The optimum pouring rate varies slightly for 
various alloys. For some alloys, a too rapid pouring 
rate forms a wrinkled skin which decreases the tensile 
properties. Slow pouring rates, less than 0.20 pound 
per second, have a detrimental effect on all alloys. 
The range of proper pouring rate for all alloys is 
between 0.60 and 0.20 pound per second. 
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DISCUSSION 


American Magnesiun 


ritten Discussion) 


\s a user of permanent mold castings in highway 
tion vehicles, [ am pleased to know that the mechanica 
ties of castings are not too adversely affected by the 
satisfactory appearing castings from 


acteristics of many castings are such that wall thicknesses 


cannot always be altered to suit best foundry practice 
it is often necessary to resort to changing thickness of 
mold temperature, pouring temperature, pouring 1 
fying gates in order to completely fill mold cavity 
castings without objectionable shrinks 
in the mold design details may also frequently be 

for the necessity of resorting to operating practices not 
with obtaining the maximum mechanical properties 

when castings are urgently needed there is little chance 
major mold change being made when one or more of t! 
“Compromises” previously mentioned will permit pri 


here are, however, many applications where on! 
quality castings can be used and it is for their prod 
the information presented in this paper should prove 

We would also like to comment on the fact 
mental work was made on a casting of simple shap« 
uniform cross section, and that it would probably not | 
to realize the same gain in mechanical properties in 
of an odd-shaped casting having considerable variation 


It would have been interesting to repeat tests on eft 
Fig. 8) with other types of mold was! 
mine whether or not 0.0025-in. wash thickness was 0} 


wash thickness 


information of would be the dete 
However, this would have required another perman 
producing a stepped test specimen. 

The goal of designing a mold having a short ope 
that can produce good castings with minimum amou! 
having gates located where they can be removed wit! 
without defacing casting is one not always possib! 
However, it would be well for the mold designer to « 
apply wherever possible the principles given in this 

WALTER Bonsack (Writien Discussion)?: The autho 


1 Reynolds Metals Co., 
2 Apex Smelting Co 
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R. E. SPEAR AND G. SACHS 


a fine presentation of a subject as important 


only do they give a fine detailed description of 
construction and operation, but they also bring 
the effects of the 


vs been a need for 


process VarlaDies 

a permanent mold for alu 
st bars. Since this mold is relatively inexpensive 
e it proved itself a reliable reproducer of prop 
im allov test bars it recommends itself for uni 
laboratory and in permanent mold foundries 
ive to be cast for acceptance of castings. Several 


a been used to check 


are in existence and have 


by the authors. The agreement in results was 
e A.F.S. Aluminum and Magnesium Division's 
Test Bars have this mold design under considera 
ess to say that the adoption of this mold design 
n Foundrymen’s Society as a standard would be 
eht direction 
of warning should be given to those not familiar 
molding. Ihe various factors and effects dis 
paper are characteristics of this mold only All 
ds will follow this mold in a general way but each 
studied in a similar manner to find its best work 
heavier a mold, the 


generally speaking, the 


the lower the mold temperature, the shorter 


e, the more castings can be cast per time unit 


nd the lighter the mold, less chill is obtained, the 
but the 


cvcle thinner a casting can be cast 


to determine theoretically the right propor 


these factors on permanent molds. A mold may 


at an operator is not able to keep the mold at 


perature without additional heat or a mold may 


that not enough castings can be made from the 


irtificial cooling. Both facts indicate an improper 


if the mold mass, the casting mass, and thicknesses 


* both. Designing a mold properly is mostly 


verience. Therefore in order to utilize a “standard” 


ill dimensions and factors must comply with the 
cause different character 


se anv deviation may 


it the authors and their sponsors have rendered a 


e to the foundry industry by this work and this 


Mr. SUGAR’S DISCUSSION 


SuGAR (Written Discussion)*:Until quite recently very 


m permanent mold casting has been presented for 
The Develop 


> 


Aluminum Test Bars 


eration. The authors of this paper, 
Mold for 


thought and effort that they devoted to 


Permanent should 


led for the 


ition of information contained in their study 


ed strictly on the basis of title, it is quite possible 


nments*may be out of order, but when reading the 


med 


quite natural for me to think of the engineering 
of these various points brought out and my remarks 
n this broad basis 


he sub-heading of “Hinging,” the wear advantages 


mm hinge over the side hinge are indicated. In my 


the incidence of wear is affected more by the design 
than by the location of the hinge This study does 
o offer any concrete evidence of superiority in either 
Dowel pins do not reduce possible wear as stated by 
but do minimize the effect of wear by making more 
correct alignment of mold segments 
1, 


Some guide for 
alignment is good design practice in all cases 

ng system shown in the paper is quite obviously a 
e. It is good foundry practice to keep the sprue full 


netal for the duration of the pour. The gating system 


ast partially, control feed and rate of pour. The 
ecommended places these controls in the hands of 
thus introducing another variable. As noted further 

under “Pouring Rate” a hard pour will result in 
casting and a very slow pour will also give poor re 
ell designed gating system should tend to give con 


d feed with little or no turbulence. A decided im- 


could have been realized by placing feeders between 
] 


casting cavity,—leading metal from gate to feeder 


an Metal Co., Ltd., New York 


I he exact point at whi cmpe ture S mecasures Ss 
important. It would be we to cite e lox n of the thermo 
couple im re on to e tac ot r n cavity lw ikl te 
most interested nm mok mp< cs il Seve i sD s,s on 
face ot the cavity l empe cs ere W \ gho 
cycle as molten metal is poured into the cavity $ it solidifies 
and also with the cross section of the casting. The further from 
the cavity surtace the the rho | Ss locate ne ess it like 
lihood ot showing measurable thermal fluctuation l am sure 
that had a number ot thermocouples been used in different areas 
at different distances trom the face of the cavity and behind 
different casting cross-sections, a great deal of interesting and 


leas 


valuable data would have been obtained 


over-simplifes the role of mold coating. One of 


The paper 


the major functions of mold coating is to compensate for des 


ations in mold design. On page 320 and in Figs. 4 and 5, the 


rough a change 


true enough the change was made in the 


obtained through a 


authors point out the elimination ot shrinkage 
in coating thickness 
nevertheless the results were 


thickness I he 


casting cavity 


gate area but 


change in coating authors also state that the 


mold coating in the must be tapered, a change 


in thickness, to eliminate small surface shrinks. Since “the pro 


duction of sound castings is of prime importance due recogni 


tion should be 


production of 


Will the 


authors please clarity the first sentence in the first paragraph on 


given to the part played in the 


sound castings by the correct trimming of mold casting 


page 321 on “normal variations in thickness 


The paper indicates a very 


pronounced effect on soundness 


of casting as determined by the pouring rate Did the authors 


stop at a pouring rate of 0.80 lb per sec because castings poured 


defective It would be interesting to know 


above that ate were 


the percentage of defective castings produced at different pout 
although, as indicated 


ing rates tor physical properties may not 


be affected, an engineering casting with shrunken sections ts 


generally 
There 


cvcle for 


not acceptable 
effect on the 
A marked difference 
in Operating cycle should be noted between alloy ARI-CS-22 
ARI-SC-1 or ARI-S2 and a eutectic 


[he importance of pouring temperature is, in my 


should be a noticeabl mold operating 


variations in alloy composition 


and 
silicon-aluminum alloy 
Oopinon 


under-rated in this paper. It is one of the prime factors in the 


control of mold operating temperature which, in turn, is among 
the most important factors in the successful operation of a per 


manent mold. In practice, it is not feasible to keep a mold idk 


until it returns to a predetermined temperature through part of 


each cycle. External heating or cooling, adjustments in pouring 


temperature and in continuous operating cycle are means used 


to obtain the desired ends,—the control of the mold operating 


temperature It is comparatively easy to pin down a desirable 


low pouring temperature for a test bar mold but in practice the 


pouring temperature chosen may be considerably higher than 


that deemed to be “good practice due to insufficient feeding 


by the gating system or to extremely thin sections in the casting 


4 


but, of course, these points are extraneous when considered in 


the light of application to the development of a test bar mold 
I have the 


impression that very few castings were poured at 


each set of conditions. Was a sufficiently long run made in every 
case to stabilize the mold? 


R. A. Quapt 


gratulated for 


Written Discussion)*: The authors are to be con 


presenting an interesting study of the variables 


affecting the successful operation of a permanent mold. Figure 
32 shows a test bar casting produced from a permanent mold 


‘American Smelting & Refining ¢ 














developed by Federated Metals Division of the American Smelt 
ing and Refining Company at their Central Research Laboratory 
When the Case School program on permanent mold properties 
was initiated we were requested to supply the details for the 
production of this mold since it represented an extremely cheap 
mold to build, one that was simple to operate, one that produced 
optimum mechanical properties, and a mold of very little bulk 
since the dimensions of the entire mold in operating position 
is only 2 in. by 4 in. by 10 in 

\s will be noted trom the photographs presented in the papel 
the authors reduced the sprue dimensions on the theory that the 
proximity of the relatively heavy sprue to the reduced tensile 
section would produce a hardness gradient across the tensile area 
In the thousands of test bars produced trom the Federated mold 
no indication of this condition has ever been experienced. Fur 
ther, the authors have modified the design of the mold as if it 
were planned to produce a test bar mold that would be operated 
on a continuous production basis. From the foundry point of 
view the ideal mold is one that can be removed from a preheat 
ing furnace and into which metal can be poured with the ex 
pectation that acceptable bars will be produced from the first 
SIX Or seven castings poured. After these few castings have been 
produced, the mold is returned to its storage place to be used 
at a later period, Under these conditions, for a constant mold 
temperature, no great effect would be expected in view of the 
relatively large mass of the mold 

Much of the preliminary work required and described by the 
authors with regard to shrinkage at the gates would never have 
been experienced had the sprue dimensions been utilized as speci 
fied in the original design. Our developmental work on this 
mold also included a smaller sprue than that shown in the 
photograph (Fig. 32) but we were forced to utilize the present 
dimensions in order to eliminate the necessity for painstaking 
control of the mold wash at the gates and on the shoulders of 
the test bars 

It is believed that the sprue design used in the Federated 
mold is superior since it permits the production of tensile speci 
mens of equivalent or better properties without the need for such 
sensitive control of mold wash thickness. It also produces better 
properties, due to the shorter gates and better feeding, from 
alloys with poorer casting characteristics 

Mirmbrr: Do the properties given in the paper hold true in the 
general run of castings: 

Mr. Bonsack: In general, test bars have their properties and 
castings have theirs. You cannot conclude from test bars that 
the castings will have the same properties. Nevertheless. in 
producing test bars along with castings you have a check on your 
foundry technique, melting, and heat treating. That is the only 
reason test bars should be made 

This mold, which has been developed by Case Institute of 
Lechnology in cooperation with the Aluminum Research Insti- 
tute, has been tried by several members of the Aluminum Re 
search Institute. The results of the check work are in very close 
agreement with those found by the Case Institute of Technology 
It is gratifying to have a permanent mold which can be used as 
a standard mold. We can improve on it, although all the checks 
that have been made are very close and indicate that this is a 
good mold to have around to study alloys or to check your cast 
ing process. | would recommend that the A.F.S. Test Bar Com 
mittee seriously consider this design and adopt it as a standard 
mold 

SAM Tour 
connection with permanent molding of aluminum alloys. [I am 
a little disturbed, however, by the tendency to judge the goodness 
or badness of the test bar mold by the yardstick of how high a 
tensile strength result you can get on a tensile test. Is it the pur- 
pose in developing a standard test bar to find out how high a 
tensile strength can be obtained from a given alloy, or is it the 
purpose to develop a mold which in itself will give uniformity 
from plant to plant, whether the results are up at this high 
level or a little lower? What I am trying to point out is that 
the mold presented in this paper has been described as being 
very sensitive to the amount of coating and the distribution of 
that coating in the die, the criterion being to distribute the coat- 


We have long needed a good test bar mold in 


ing to get maximum tensile strength. 
It seems to me the best approach would be to develop a type 


Sam Tour & Co., In New York 
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of coating which would make that mold the least 


ables in tensile strength whether that tensile streng 






be the ultimate or not that can be obtained fron 





we have to teach men in different plants how to 





coating, to make it 0.005 in. thick at the center of 





tion and to make it 0.008 in. thick on the shank and 





on the riser, we have certainly put a lot of stumb 






the wav of making this mold usetul in many pl 





like to see a mold developed that is more foolpro 





not get such high tensiles but the shop man could 





out whether his alloy was anv good 





Mr. Esert: Perhaps I made that mold coating tex 





too complicated. Actually it is not difheult. The ¢ 





permanent mold is a matter that requires some « 



















































think you will all agree with that. The mold coati: \I 
was outlined briefly to the employees of several con Vl 
have the same mold. After a briet instruction, t 
to use a mold coating technique which was perhaps 
the same, but a mold coating technique that gay 
properties to which Mr. Bonsack referred. The 
properties was very good. I think that there were s 
different companies that tried it 
\s to the matter of application of the coating y 
mentioned figures in a thousandth of an inch, we ¢ 
actually what they were until we measured the resul 
We measured a large number of castings and four | 
own technique did produce very reproducible m 
thicknesses (as determined by the dimensions of t! 
although we made no particular effort to control it 
I might describe the mold coating technique briefly. 1; 
were put into the test bar cavity prior to the mold coating 
the sprue and ingates were then sprayed heavily. The tes 
were removed and the top of the test bar, which acts 
was sprayed rather heavily. The coating thickness on thes 
tions of the cavity was perhaps + ,}; or perhaps ever 
\fter the sprue and end-gates were coated and the test \s 
moved from the cavity, the test bar reduced section was s 
lightly. Then the center part of the reduced section was 
dewn with steel wool until it reached a characteristic co 
other words, most of the mold coating is rubbed off at th 
of the reduced section. The taper probably was not uniforn 
the center to the end of the reduced section. Howev 
yield good reproducible results. 
Mr. Bonsack: Mr. Tour brought up the subject ot « 
There are many permanent mold foundrymen who know K 
art of doping permanent molds. That is inherent in the 5 
You cannot get away from it Mi 
We have material below the coating which will g 
oxidize and from its own coating. That is the iron of th s¢ 
It will oxidize and form its own insulation layer and will neta 
results off considerably if you do not watch that coating I 
That means, occasionally the test bar mold must be sand! were 
tu get the oxide coating off. Then you start over again. li Mi 
we can produce a mold out of a self-insulating, non-oxidizing c 
material you must resort to measures used in all perma Mik 
mold processes. Mi 
Mr. Sucar: I doubt if the authors have stressed the impo f 
of coating enough. They did tell about tapering and its sav a 
portance. In the paper they do bring out how they elimi Mi 
shrinkage merely by changing the thicknesses of mold coating Mi 





\s Mr. Bonsack stated mold coating is one of the require! 
in production of permanent mold castings. 






There were several other items in the paper that I wou! 
to bring up. One of them is the gating system. As Mr. Ebet 


omis 







and as is quite obvious, the gating set-up is a comp 
doubt if it controls the feed into the mold cavity en 
think if a parallel feeder had been placed between 
and the casting cavity itself possibly some of the ne 
rate control on the coating would be minimized. That 's 
could be less careful of your mold coating and still lx 















get a uniform feed, etc. 
Pouring rate-was mentioned in the paper. This also 





to the gating system. You stop your curve at a pouring! 
0.80 Ib per sec. What is the reason for that? Above | pouring 
rate did you get nothing but scrap castings? 

In your paper you also mentioned that you did g 








castings poured both slowly and at a high rate of sp ve 








aus 


Mr 
Vi 
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e casting were not affected by these su 


nately, no engineering castings with shrinks 


do not think a test bar should be acceptable 


k, even though its physic: 


| properties may be 
k it would be interesting if vou could give the 
D detective castings at different pouring rates 


htls \s 


ed on mold temperature rathe lig 
d only one thermocouple placed behind the 
e test bat I do not know how tar trom the 


couple was, but if he were to place the thermo 


} 


tl ermocouples at varving distances trom the 


d behind varving section thicknesses of the cast 


} 


vould find several different temperatures trom 
iw interesting conclusions 


We did not intend te overlook tine points whicl 
oned. We tried to make the mold as simple as 


} 


die-sinking operations were not needed in the 


] 


the mold. It is quite possible that a teedet would 


e mold coating less sensitive There is another 
e teeder, and that is that teeding takes place 
} } 


section of the bar This means that the ma 


id the trimming difficulties are increased. In a 


ve produced in the mold described in the paper 
erations are needed other than just sawing ofl 
e figures on pouring rates and the number of 
s I he 


that there are 


reason that the properties look good in 


defects is that all bars witl 


marked 


before testing. Any bars that broke in 


e discarded It was only when the detect was 


ill so that the test bar broke some place else that 


used Ihe defective bars were added merely to 


e in which detective bars are 


produced Ac the 


pouring rates, there were some good bars, but 


pouring rates none of them was good 


tter of thermocouple location of the tempera 


not make a temperature exploration of the mold 


couples were placed behind the reduced section oO 


ind half way through the thickness of the mold 
oint. The temperatures were recorded merely as a 


re. We had to know relatively what the tempera 


nold was. | am quite sure that it would probably 
n different parts of the mold. I do not know how 
Ihe temperature measurements were for control 
Did the author say that the pouring rate was 
ec? How is the pouring rate determined? 
Bek Yes 


B rying the size of the nozzle in the spout 


The pouring ladle used was one with a closed 
by adding 
could vary the dimensions of the stream of the liquid 
$y measuring the filling time and also weighing the final 
is possible to determine how many pounds of metal 

ed per second 
HAUSER Actually you only measured the pouring rate ot 


eaving the pouring lip then 


Enert: That is right 


Hauser: If you were to use this data for a casting with 
ead on the sprue it would not hold then, would it; 

eeper casting and a longer sprue? 

Yes, that is probably right 


Hauser: The data is only good for this one particula 


eer D Bendix Aviation Corp., Teterboro N J. 


>> 

Min. EBeR Yes 

Nir. SUGAR We ‘ < ‘ 
ol the mold ¢ ot the \ \ 
cvcle it least part \ y ‘ ‘ ‘ \ 
cvcle eftects on mold temp. ele < " atic ‘ ‘ 
pouring temperature How many pe ‘ h ‘ 
to get a measurable etlect Ni\ press ‘ ‘ vas 
ery tew, and it does take q ‘ ‘ e tk ¥ P 
When you pour, say, | b of me nt weighs 10 
15 or 20 Ib the ettect ts rat slow os ng. D : ; 
a long period ot time bet e taking est « 

Mr. Esert: Yes, that was not pointes ery cle ‘ I he 
mold was preheated artificially to the no il operating te iM 
tures as determined by the thy couple Aft - 

12 castings were poured and scrapped immediat lhev were 
probably alright, but they were poured is ‘ ive conditions 
the same tor the first good bar as thev were tor the ist one 
kach point on these figures represents a ninimum « if CTS 
On some ot the curves in which the mold temperature was ex 
ceedingly low it was not possible to get that many because the 
casting damaged the casting mok We had to re« emolkda 
Start over again or at least patch the mold 

Mr. Epert (Au Closure Ihe authors wish to express 
their appreciation tor the interest exhibites \ se who ‘ 
discussed this paper 

In regard to Mr. Sugar’s comments the authors are in general 
agreement concerning the hinging of a permanent mol I he 
gating of a test bar mold must be such that all of the allovs 
which are cast in the toundry should be castable in the mold 


This means that the mold must lose some ot its efficiency tor 


any one alloy in order that it may be acceptable for all of the 


alloys The location of the defined on page 
19 I he 


would be quit 


thermocouple is 


determination of the thermal gradients in the mold 


interesting but was somewhat out of the scope 
oft this pape 
Ihe effect of the mold coat must be broken into two parts 


The first consideration is that of determining the proper coating 


to compensate for small mold errors This might necessitate 


/ 


considerable effort when the mold is first used. However, once 


the coating technique has been established little effort should 
be required Ihe second consideration regarding mold coating 
is the effect of the human element when the coating has to be 
renewed. For this recoating, the eflect upon the tensile properties 
is shown in Fig. 8 while the normal variations are given in the 
first paragraph on page 321 

The curves showing the effect of the pouring rate were te 
minated at 0.80 Ib per sec because that was as fast as the authors 
could fill the mold (1.5 sec to complete a pour Unfortunately 
the per cent of defective castings is meaningless unless a large 
number of castings is made. The effect of alloy composition and 


pouring temperature on the operating cycle are understandably 


small when the heat balance established is considered. Small 
variations in the heat content of | Ib of aluminum can have 
only a very slight effect on the heat content of 40 Ib of steel mold 

Mr. Quadt presents one of the two methods of making test 
bars. The one approach is to make the test pieces under pro 
duction conditions while the other approach is to make test cast 
ings under laboratory conditions. The mold discussed in this 
paper has been an attempt to make castings somewhat similar to 
production castings. It would undoubtedly be of considerable 
more mio 


interest to the permanent mold industry to have 


mation on the mold discussed 


by Mi Quadt 


operating characteristics of the 








ENGINEERING EDUCATION FOR THE 
FOUNDRY INDUSTRIES 


George K. Dreher* 


1 HERE are over 5000 castings companies in the 
U.S.A. Of these there are over 1200 employing more 
than 100 men and 944 more employing more than 
90 men. These foundries employ a minimum of 
175,000 men.! If we, empirically, assume one membet 
of management for every 25 employees, then there 
are 19,000 such positions at the present time. If only 
one-half of these are to be engineerine graduates 
(approximately 10,000) then the industry is confronted 
with generations of a continuing effort to supply can 
didates for such education. The industry must also, 
by one means or another, support their education and 
then provide the requisite training to indoctrinate the 
graduate engineer into the industry. 

In 1824 the first English speaking collegiate school 
of engineering was established at Rensselaer Poly 
technic Institute. Prior to that time all engineering 
knowledge was transferred by the laborious appren 
tice, craftsman, master cycle. Many industries were 
quick to adopt engineering education. This was true 
of the construction and, later on, the electrical, hydrau 
lic, mechanical and chemical industries. 

Ihe foundry industry retained the old methods for 
over a century before serious changes were contem 
plated. More recently, economic conditions plus regu 
lating local, state and federal measures have served 
to break up the old cycle. Thus the industry is pres 
ently in need of engineering knowledge to bridge the 
above gap in its existence and to keep it in step with 
the tempo of the industries it supplies with basic 
products. 


Purpose of This Paper 


This paper, therefore, has a threefold purpose: 

l. To recrystallize the objec.ives ol engineering 
education as applied to the foundry industry. 

2. To provide an interpretation of engineering 
education for the present executive, managerial and 
supervisory members of the industry. 

3. ‘To provide an avenue for constructive criticism, 
opinions, suggestions and objectives on the subject 


* Executive Director, Foundry Educational Foundation, Cleve 
land, Ohio 


which in turn will serve as a basis for a mo 


oughly refined analysis of industry requiremens 
ony 


blended with actual experience. 


|. The Foundry Industry 


The growth of any type of education is d pendent 
on its value to and acceptance by society. The growt! 
of engineering education in the U.S, has been phe 
nomenal when we realize that the first English speak 
ing engineering school opened at Rensselaer Poly 
technic Institute in 1824. 

The report recently issued by the Engineers Joint 
Council? gives further evidence to this fact of growt! 
Since 1910 the profession has grown from approxi 
mately 85,000 to about 325,000 members. The nume 
ous industries that have availed themselves of grad 
uates include the electrical, machinery, public works 
and steel, as well as those generally looked upon 
competing industries such as welding and _ plastics 

Ihe foundry industry has made extensive us 
engineering in the design and development ol pro 
ductive equipment. Only recently has this “engineet 
ing method” found application in the products of th 
foundry. Need for a scientific approach to foundry 
problems and methods has been a subject of consider 
able discussion and has been pointed out in various 
talks and articles. Among the latter is the summary 
“College Graduates in the Castings Industry.’ 

Che industry has worked closely with many educa 
tional institutions through the American Foundry 
men’s Association and the various trade societies 0! 
many technical subjects. This is especially true of th 
Educational Division of the American Foundrymens 
Association under the direction of Fred G. Sefing* 4 
chairman, and H. F. This latter work has 
brought forth a variety of magazine articles and papers 
which have become a background for educationa 
activity. These references include “College Foundr 
Courses,”* “A University Course in Foundry Contro 
Methods,”® “Foundry Practice for Engineering tu 
dents,’’® “College Graduates in the Castings Incustr) 


Scobie. 


* Development & Research Div., International Nickel U 


New York City 
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industry has also accepted and is im 
Foundry 


] he papel 


training program. 


ise for College Graduates”’ by the 


ndrymen’s Association subcommittee in 


iate engineers, and the article on “Co- 
cation’’> have presented a well conceived 
tical use that is applicable to large and 
nies alike. 
inagement seeks certain qualifications in 
engineers which are the result of prion 
the former’s part. In the past, graduates 
0 unsettled on then jobs because of thei 
yeress too fast without going through a 
sound development. This results in a type 


who eventually gets “promoted out” of 


i hie eraduate must also posse SS the ability 


staff like him at the outset and to further 


through desirable action as 
interest in the 


Lime passe S. 


friendliness and _ sincere 
the worker group are essential, but the 
ist also appreciate that he and his crew 
nt must meet or exceed standards of qual 
for him, ol his crew, to 


Diplomatic 


intity in ordet 


economic asset to the firm. 


reports and interdepartmental cooperation, 


ement of ideas, suggestions and good work, 


9° attitude, are essential to the individual's 


thie company’s SUCCESS. 


Educational Foundation has been 


y conceived and implemented to bring about 
s of the industry in regard to the preparation 


The support 
Foundrymen’s 


Malleable« 


(American 
Society, 


members 


Gray Iron Founders’ 


yunders’ Society, Foundry Equipment Manufacturers 


and the voluntary efforts of some of the 


foundry executives of these societies® has pro 
impetus and means of accomplishing the 


esires of the industry. No better proof can be found 


ro 


thy 


ai 


vidll 4 


I icated 


funds for the 
and trained men are actively being sought 


he interest of foundry management than in their 


realization of these needs. 


leading foundry firms of the nation. 


ll. The Universities 


ngineering education in the U.S.A. is undergoing 


\jor revision at present. As engineering education 


V essed 


through the nineteenth and _ presently 


ugh the twentieth century, new courses were con- 


ntly added. 
political, economic and business courses till 


ISTIC 


These, in turn, would displace hu- 


World War II era when engineers, educators 


isinessmen 


suddenly realized that the 


alike 


engineer was lacking in some qualities.!° 


societies became interested in this problem. 
this took the form of magazine articles, papers 


aganda. John S. Crout,!! in proposing a plan 


sraduate training of engineers, is quoted: 


s work has brought him out of his natural habitat of 


ratory 


drafting room, foundry, mine and factory to 
of prestige in a world governed by social, eco 
political forces not taught him in the usual 


ring curriculum.” 


goes on to show how these omissions can be 





eliminated by a post-graduate study and training plan 
Zeder! 


analyzing the common complaints of engineers in in 


James C. approaches the same problem by 


dustry and recommending selt-correcting procedures 


for the individual. Specific points of engineering suc 
cess are identified as (a) ability to get along with peo 
ple, (b) ability to look beyond his own department 
to see where he can be ol help to the rest ot the 


organization, (c) ability io plan his own progress by 
eliminating shortcomings from his personal mecha 


. Price 


Quoting trom his artick 


nism. Edmund tells what a voung enginee 


should know 


sear in mind that success for you in your outfit comes 
from having a more than speaking acquaintance wit! sales 
manutacturing and accounting 
Referring again to W. G. Van Not the author 
finds him pointing the trend in reform along lines 
mentioned by the above engineers cw 2 Joseph'* 


expresses the reaction of educators in a very simple 


way by stating: 
Wavs and means are needed for weaving some of the 
threads of liberal education into the fabric of engineering 


education 


Research into industrial psychology is a compara- 
Cleveland College ot Western 


has a Personnel Research Institute 


tively recent science 


Reserve University 
for the purpose of developing new techniques, tests, 
and measuring human reactions in relation to indus 
advent of biomechanics o1 


trial environment. ‘The 


technobiology revolutionary concepts 
of human work. Dr. Mead! 


Human Engineering in the following quotation 


promise § som 


Leonard ( calls it 


reter 


Human engineering is engineering design with 


ence to man’s anatomical, physiological and psychological 


capabilities and limitations 


Prior to World War II such things as X-ray, spectro 


graph, spectrophotometer, magnaflux, supermicrom 


electron more objects of 


eters and microscopes wer 


Now thevy are stand 


curiosity than of widespread use. 
ard industrial tools of a fundamental nature 
function is to educate rather than train 
Again the educational world uni 


which funda 


University 
student engineers. 
formly 
mentals are taught. 
and technical development, but always are 
which are applicable to a variety of industrial proc 
esses and not field. W. G 
Van Note’”® points out this trend in this quotation: 


strives to become the means by 
These vary with industrial usage 
subjects 


restricted to one narrow 


the philosophy underlying engineering education is 
today being based more and more on a broadening of the 
base of engineering education in which strong emphasis is 
placed on fundamentals, rigorous instruction in the use of 

English, and the inclusion of a well planned social human 

istic stem.” 

Virtually all bulletins issued by colleges of engineer 
ing set forth the same principles in their prefaces 
Professional experience and training is left for indus 
try and the engineering graduate to accomplish. Craft, 
trade and technical skills are more and more being 
assigned to post-high school level training in technical 
schools.?® 

Selection of students has become possible to an ever 
increasing degree of refinement through overflowing 
numbers of applications for entrance. This has en 
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abled each engineering college to restrict entrants to 
those whose qualifications predict successtul under 
graduate work and protessional lite upon graduation. 
Lhe type of student who formerly entered college with 
no observable ability to meet the ultimate require 
ments of the university is becoming a rarity. For these 
latter men, the post-secondary technical school is being 
developed. 

Fundamental studies during the first year of the 
engineering college curriculum are arranged to permit 
a student the option of electing or changing his mayor 
course alter the first year. Some universities actively 
promote the idea of preliminary groundwork, at a 
liberal arts college followed by two or three years of 
study at the engineering college. 

Elective courses tend to be controlled through the 
establishing of sequences or stems.'®: | This is contrary 
to the freedom of choice which has characterized elec 
tive subjects for several decades. Ihe sequence may 
be only a lew or consist of many courses in such fields 
as the social studies, business administration or in the 


purely cultural fields. 


lll. The Students 


Observations of student desires are difficult to sub 
stantiate in the literature. The following, theretore, 
are subject to error and should be so weighed. Most 
of the points are the result of conversation with a 
number of undergraduate students. 

Most of the present upperclassmen are ex-service 
men with a more mature outlook on the future than 
can normally be expected. ‘Their influence on the 
younger men is good, and for that reason we can ex 
pect the present goals to be sustained for many years 
to come, 

The opportunity to learn through a well conceived 
training program in the company of their choice is 
anticipated, ‘They accept, as all engineers must, the 
necessary unpleasant aspects of metallurgical work, 
such as heat, fumes, dust and dirt, but want the oppor 
tunity and backing to effect improvements on the 
human as well as the technical sides of their jobs. 
They will be, as many of us are, discouraged by man 
agerial resistance to the elimination of unnecessary 
hazards and unpleasant conditions. 

Chey want to work in an organization that is well 
planned and has properly defined duties under a 
progressive and thorough management. 

lhey are divided in their opinion as to the size and 
kind of foundry they would choose. There is no fixed 
trend towards large or small firms. 

Ihey seek work that is humanly satisfying outside 
of their industrial progress in the form of friends, 
family and living conditions. 

They look forward to making a science out of the 
many foundry operations that are still cut and try. 
‘They seek the fascination in their work that changes 
it into a game. 

They believe that the foundry industry is an engi- 
neering frontier in that it is the largest business in the 
nation, which is in need of and seek an engineering 
type of management and production. 


ENGINEERING EDUCATION For Founpr 


Conclusions 
l. General: 
Industry generally divides its employees 
factions along the tollowing lines: 
a. Executive, management 
b. Staft, technical, sales 
c. Supervision 
d. Skilled mechanics 
e. Operators and semi-skilled 
|. Laborers and helpers 
Preparation for the lower three brackets do 
quire college level education. For the uppé 
college education is a desirable shortcut 
efhciency and broader knowledge of an ind | 
terprise and better preparation tor managerial du 
Regular university level education does 
prepare a graduate for industrial or business mana, 
Lhe idu 


is grounded in fundamentals and an understanding 


ment or even for technical proficiency. 


science, which is a pathway to greater knowledyg 
top achievement of this graduate is to have thoroug 
developed his powers of ingenuity, backed by 
knowledge, to the end that his intelligence ca 
efhciently put to constructive use. 

Preparation for managerial and staff re sponsibi 
must necessarily go beyond education. A student 
at graduation, invested heavily in that phase of 
preparation. The training in present techniques and 
procedures is by precedent the responsibility of indus 
try. Customarily, a scheduled training program is th: 
implement by which this is achieved. The student 
bears a secondary responsibility in that he continues t 
study those subjects which his formal training did not 
provide and he accepts, during his training, a salar 
usually not more than that paid an operator or semi 
skilled workman. 

University ofhcials have evidenced both interest and 
cooperation in regard to formulation of a foundry 
educational program. The prior activities of the vari 
ous societies in the industry and the implementing o! 
their wishes through the Foundry Educational Founda- 
tion have served to implant the aura of a well 
organized business among students and faculty alik 
in regard to the foundry companies. It is this unifed 
approach which the universities recognize in contrast 
to individual wishes of separate companies. 


Il. The Foundry Industry 


The varied which characterize th 
foundry industry involve several different kinds o! 
engineering. No four or five-year collegiate curriculum 
can accomplish the necessary education which a so 
would require. [here is 


operations 


called “foundry engineer” 
a field of “foundry engineering,” but it will be served 
by all kinds of engineers. More common among thet 
will be “metallurgical, chemical, mechanical and 10 
dustrial engineering plus considerable opportunity 
for engineering administration” graduates, as well 4 
need for some electrical engineers. 

The desires of the foundry industry as expresse¢ 
through the concept of the Foundry Educational 
Foundation, the personal views of individual mem 
bers and expressions in the literature which re/icct the 


experience of the leadership up to this time, can De 
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very little in the wav olf supplementary 


is largely due to the development of 





iculums which have been etlected in most 





yy alert educators profiting through the 





failures of the past 





is a desirable alteration of engineering 





ovide tundamental studies in other fields 





ore adequately balanced personality in 





ineers. In turn, their chances for business 






rial success are thereby enhanced. 





ds have been loosely identified in the 






or the purposes of this paper we suggest 





y definitions: 






wnics studtes develop an appreciation 





inding of the accomplishments of others, 





the path for pleasant living outside of, as 





in, a chosen prolession. 






; ng—is the application of science to the 


iesign, development, and construction of useful strac 








ree and articles. It is essentially a study of concrete 






ts established through formula or experience. 






{dministration—is the development of 





he understanding necessary to create a consciencious 





ponse to the importance of all phases of manage 


»} 





the success of a company. 





H n Engineering—is engineering design with ref 





nce to man’s anatomical, physiological and psycho 





logical capabilities and limitations. Science is here 
the task of making human living as perfect 
as possible by maintaining his mental and physio 





logical health through elimination of adverse condi 





ms as far as is practical. 





lable | demonstrates these educational stems by 






fering some, not all, of the subjects in each field 





ich are of interest to foundry management. Most 





if the courses shown are available in engineering 





leges or in other schools of the same university. 





Some of the subject material may be included in other 





jurses or regrouped under a different title. Choice 





these subjects as electives, if they are not part of 





the regular course, will tend to satisfy the needs of the 





ndustrv as previously expressed. 





LABLE 1—EDUCATIONAL STEMS OF INTEREST TO 


FOUNDRY MANAGEMENT 
SociAL HUMANICcS STEM 








Composition and Literature 
Fundamentals of grammar, expository writing, reading, value 
ind appreciation of verse and prose. Expression through 








proper choice of words and construction 






-—General Psychology 
Individual differences, intelligence, and emotions. Study of 
personality. Memory and learning. Motivating media. Ap 






ition to industrial management 





H Story 





World history of the twentieth century and up to present 
Background for economic, political and social struc 





f 


f the modern world 






‘4—History of Science 
Vevelopment of present day scientific knowledge from early 
ry to current achievements. Includes all phases of 







ce 





LU. S. Government 
idy of the political background and legislative methods 
resent day governments. Includes local, state and 
administrations 









1006—Public Speaking 
Presentation tor committees and management groups Lect! 
nical and educational lecturing. Platform presence, audi 


ence interest and acceptance 


ENGINEERING STEM 


2001—Fundamentals of the Casting Process (2 
\ course designed tor study by all engineering students 
giving fundamental operations and striving for appreciation 
of the foundry as a metal forming process 

2002-38—Foundry lechnology LI 
\ study of the application of science to foundry operations 
Ihe prior engineering fundamentals are focused upon the 
problems and operations of the foundry. Includes control 
of materials and process, maintenance of tolerances, metal 
lurgical inspection and repai 

2004—Casting Design 
\ study of patterns, molds, dies and casting design in their 
relationship to each other in the engineering of a foundry 
product. Emphasis on design of casting for metallurgical 


perfection 


2005—Metallurgical Calculation 


Calcuiations to determine requirements for metallurgical 
reactions in manufacturing operations 


2006—Survey of Process Metallurgy 


Appreciation course. Raw material production from mine 
to plant. Stresses condition and relative purity as same 


affect subsequent use 


2007—Ferrous Alloys 


Advanced study of alloy steels and cast iron (metallurgy 
metalography, heat treatment, testing) 

2009—Non-Ferrous Alloys 
Advanced study of non-ferrous alloys 

2010—Engineering Economy 
Selection of process or production design for greatest econ 
omy, quality, or both, as applied to a given product 


INDUSTRIAL ADMINISTRATION STEM 


3001—Fundamentals of Economics 
Theory of trade, credit, business cycles and motivating in 
fluences. Present world economics 

3002-3--Fundamentals of Accounting L-II 
Use of journals, ledgers, simple financial statements. Ele 
ments of cost and cost control. Use and need for various 
company records. Advanced courses cover overhead admin- 
istration, corporate financial structure and dynamic use of 
cost data 

3004—Business Law. Survey 
Legal responsibilities and authority of management. Rights 
of ownership. Elements of contracts and kinds. Relation 
ship to agencies and carriers. Effect of local, state and 
federal regulations 

3005—Fundamentals of Industrial Organization 
Organization of present day corporate and business manage 
ment. Industrial trends. Required controls, problems of 
selling and marketing, purchasing and stores, manufactur 
ing and research, distribution and costs, financing 

3006—Corporation Finance 
Financing of corporate or partnership enterprise. Regula 
tions due to local, state and federal laws. Administration 
of income, financing of going business 

3007 —Marketing 
Market product research, distribution channels, pricing and 
branding. The market structure and regulations affecting 
sales and distribution. Relation of sales to other de- 


partments 


HUMAN ENGINEERING STEM 


4001—General Biology 
Fundamentals of plant and animal life, emphasizing man’s 
place in this world. 

4002—Advanced Psychology 
Human reaction to favorable and adverse stimuli. Study 
of resulting physiological and mental effects. Group psy 
chology 

1003—Industrial Relations 
Theory of employee relations and policies. Selection, train 
ing, promotion, health and discharge technique. Collective 
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bargaining labor laws, safety codes, morale factors, job 





evaluation and wage systems are studied in relation to 


each othe 

1004—Technobiology 
Principles of anatomy, physiology, psychology and health 
applied to job specification, machine design and facilities 


of the plant 
4005—Motion and Time Study 
Fundamentals of motion economy and time factors for 
human and mechanical motion. Technique of observation, 
charts, graphs and formulas are practiced. Relationships to 
other factors of industrial management is stressed 
4006—Safety Engineering 
Industrial safe practices. Engineering for prevention. Psy- 
chological factors of acceptance and maintenance of a safety 
conscious work force. Human and economic factors of safe 


management. 

4007— Lechniques of Executive Control 
Nature of supervision, Responsibilities of the line of author- 
ity. Stimulation of subordinates, contact with superiors and 


maintenance of support by associates 


Ill. The Universities 

University level engineering education has persisted 
in its efforts to restrict the major portion of the cur- 
riculums to studies of fundamental science. Subjects 
which have a narrow field of application are deleted 
and, conversely, those which have wide uses are con- 
sidered and developed. 

Ihe present tendency is to expand the humanistic 
studies at the expense of specialized engineering 
courses in the expectation of a more desirable per- 
sonality among engineering graduates. 

University officials and staff are emphatic in then 
efforts to provide education which will offer the 
broadest opportunities to their graduates by not re- 
stricting the employment potential to a narrow field. 
They repeat that training for a specific industry o1 
company is the task of that industry or company. Edu- 
cation is a part of the preparation needed to qualify a 
graduate for the responsibilities of management. 

Universities offering a full program of engineering 
education (including metallurgical) can meet the needs 
of the foundry industry with very little modification 
of present courses. Where sufficient elective hours are 
available, any engineering course can be adapted 
through the guided selection of proper subjects. Usu- 
ally, refinement of the general foundry course for all 
engineers is desirable. The addition of a few courses 
to bring about a focus of the student’s fundamental 
knowledge towards foundry technology will complete 
the picture. The presence in the area of an active and 
progressive foundry industry will supplement this edu- 
cation through direct observation by students during 
inspection trips. 

Courses in the same field of engineering will have 
slight variations from one university to another. Each 
is under the influence of the history of the particular 
school. Thus, a metallurgical engineer at one may 
lean towards the chemical phase, while in another it 
might be more towards mechanical engineering. A 
study of the course outlines which the individual stu- 
dent has taken will serve as an excellent guide to the 
fullest utilization of his knowledge. Furthermore, a 
variety of metallurgical engineers from various uni- 
versities in a company will spread the available knowl- 
edge over a wider field than a staff made up of the 
graduates of just one college. 
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Addenda 





[his paper presents several problems 
well be answered by papers upon specific 
lable 1 some expression as to context o 
foundry courses (2002-3) is needed. Cours 
can be broken up into several units, eax 
requires original development of subject ma ( 
ing design and the related production tools 
if the industry is to lead itself into m 
application. 

A paper or magazine article outlining the sp 


positions within the industry and the op} tame 
offered in each, might well be followed by other panor. 
outlining specific engineering courses and wad 


which would adequately prepare a prospect 
ber of the industry for that particular niche 
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M. O. Witney (Written Discussion) :* It is a source of grat 
fication to observe the increasing interest of foundry industna 


ists in obtaining well-trained technical personnel improve 
the quality of their products. The impact of the Foundry Edu 
cational Foundation should be sufficiently pronounced & re 


insu 


that the objectives sought will be in the near future obtainec 
The past decade has witnessed visible evidence of marked 
increased interest in providing foundries with better faaiuc 


for the workmen and improved methods of housekeeping 


1 Dean, College of Engineering, University of Wisconsin, M Wis 
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gy given to the provision of 
persol | l logical sequence with such 
also demanded by the competition which 
meet in the market In Wisconsin we are 
e that adequately trained personnel is pro 
demands of our numerous and expanding 
Therefore, at the U. of W. we shall 
rward this educational program 
our interest in the foundry program, it should 


the space and facilities have been 


the structure at the rear of our Mining 


iborators This structure will make available 
ground floor area of approximately 6400 sq ft 
of this space, 126 by 41 ft, and its appended 
to accommodate the modern equipment 
provided. During the past year about $7500 
on new foundry equipment Approximately 
m was provided by the Foundry Educational 
new items of equipment are two auto 
an air weigher for cupola control, and 
ne of the shot peening type. There has been 
testing laboratory as a part of the foundry 
building walls and floors have been well 
tate cleanliness and good housekeeping in oper 
ratory 
Fducational Foundation is to be commended in 
timulating interest in its educational program 
vision of scholarships the listing of open posi 
sting of student personnel available for posi 
ocedures will do much to enlist young men for 
foundry. It seems to the writer that one of the 
methods of securing qualified and interested 
be through opportunities afforded by summet 
students. By such employment an initial period 
s provided both to the student and his pros 
er which will give valuable information without 
ther and which, under the circumstances, will 


ination ol employment without embarrassment 


tent to keep our metallurgical currieulum in a 
d state to provide for changes in electives and 
irses which are most desirable from the viewpoint 
iry program At present the curriculum contains 
ts; 6 in the sophomore year; 10 in the junior 
the senior year. In considering the choice of non 
ves, the student's attention is brought to the 
cts in economics philosophy, psychology, speech 
[hus we try to impress upon the students the 

f obtaining a broad education. We also urge stu 
consider the possibility of spending more than 

in order that they may receive a broad 


BARKER (Written Discussion):? Mr. Dreher is to be 
ted upon his excellent presentation of the relation- 
n engineering education and industry. His work 
oundry Educational Foundation has given him an 
portunity to analyze the educational problem from 
ucational and the industrial viewpoint. His analysis 
in this paper shows how completely he has grasped 
ns as existing. During the past year there have been 
ant advances in bringing closer together industry 
We expect and hope greater progress will be 
ne next two vears 

thor has stated very well the position the university 
ve taken regarding training the young engineer. We 
on a thorough training in basic fundamentals on a 
ind from this firm foundation the foundry industry 
he type of engineers who they must further train 
positions. I repeat again the premises that the 
ustry must not expect the universities to completely 
g men for positions in a particular phase of indus 
ning must be completed in the individual plant 
» be successful and the company desires to obtain 
cutive ability, then it must inaugurate a thorough 
gram. Some few companies do have this program 
pinion, the lack of a proper training program in so 
arge companies 18 the reason more engineers are 

to your industry. 


Metallurgy, University of Wisconsin, Madison, Wis. 


nel ] tal 
is not and wi 
for Engineet 
members are <« 
new methods of 
guard against 
dea of new 
our courses 
engineers wi 
Recently a survey 
with definite information 
graduates who will enter vou 
ind universities contacted 


nving some type ot toundry struction 


are g 
dents. Of these 83 per cent are mechanic: 

trical, 4.0 per cent chemical, 4.0 per cent met 

balance civil or industrial engineers \ recent \ licates 


there are 244,390 students enrolled in our eng y 1001s 
About 52,000 will graduate this r Ot this number of 
eraduates our survey indicates only 120 men will enter the 
foundry industry [his indicates that less than per cent of the 
casting companies will secure technical graduates this ye 
There is a brighter side of the picture. Our survey 

many schools are interested in the foundry industry and will 
develop more foundry courses if industry indicates a real desire 


for technically trained men 


Ihe splendid work Mr. Dreher is 
now doing is a step in the right direction, and all of us should 
support his eflorts wholeheartedly if we are interested in the 
foundry industry 

F. B. SKEATES 


in this educational plan a provision must be made whereby a 


I operate a foundry and feel that somewhere 


foundry can train a high grade apprentice under one of these 
scholarships. I am in favor of the high-trained student. But the 
foundry industry has been accused too much lack of interest 
in training toremen We do the best we can with ie ty pe we 
have. I reiterate that there must be a place where the foundry 
can train a high grade apprentice After completing his train 
ing he should be entitled to a sch jarship to one of these col 
leges. Then when he comes back you will have one of the finest 
foremen in your foundry, and the entire supervision in that 
shop will be elevated to a higher level by the influence of this 
one toreman 

Of course we need engineers, salesmen, managers, et but 
first we need good foremen. We are doing the best we can in 
the foundry in developing these men, but they lack about four 
years of higher education 

What is a foreman called on today to do? A few years ago the 
best foreman in your foundry was the man who produced the 
greatest tonnage What does he have to do today in the shopr 
He has to know every paragraph of every labor law that was 
ever written. He has to know costs, sanitation, human relations, 
etc., and operate his department on a limited budget 

I think I have a solution to this problem Ihe foundries are 
generally divided into districts Suppose you have a dozen 
foundries in a certain district. Take the top apprentice in each 
foundry in that district and put him through a rigid test, qual 
ify the best boy in that group, and send him to school for four 
years 

A. W. Grece:* I have always been interested in getting tech 
nical men into the foundry industry and have had a good deal of 
experience with it. In my opinion the foundries are entirely at 
fault for a poor job of selling the foundry industry to the col 
lege graduate 

Mr. Bruce Simpson of National Engineering Co., just a short 
time ago, submitted a questionnaire to the engineering grad 
uates of a well known midwest university. He asked them many 
leading questions such as, “How much do you think you are 
going to be worth when you graduate to any employer?” “Would 
you rather work for a company that has 10,000 men, 1,000 men 
or 500 men?” His last question was the punch question. He 
asked, “Regardless of how you answered the preceding ques 
tions, would you consider the foundry as a life job, as a career?” 
Ihe answer of 94 per cent of the boys was “Absolutely not” and 
gave as their reasons the dirty and unsanitary conditions in the 


average foundry 


Link Belt ¢ Chicage 
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Now. what does that mean? That means that those boys did 
not know conditions in today’s foundries Ihev have visited 


foundries that were built in their grandfather's days and which 
have not progressed at all. I think the average man on the 
street has the same idea of the foundry industry. The foundry 
certainly needs technical men; it is an engineering job today 

I wish to comment on Mr. Skeate’s idea. Mr. Skeates is sug 
gesting that you take a boy who has gone through an appren 
ticeship and send him to college for an engineering education 
I think Prof. Barker of the U. of Wis. can say something about 
that. They are doing something like that in Milwaukee now 
They are picking out apprentices and sending them to the U. of 
Wis. Prof. Barker is very fortunate in getting cooperation from 
the Milwaukee Chapter of A.F.S. I think he is getting bette! 
cooperation today than any university in the country The Mil 
waukee Chapter sends speakers to U. of Wis. in Madison to 
talk to the boys. Thev have a fine group of boys at the uni 
versity. Prof. Barker told me just before I spoke before his 
group that they were too shy to ask questions But I had more 
questions out of those boys than from the average foundry 
meeting that I go to 

Pror. Barker: I will be very glad to explain our plan. I 
shall make it brief because I would like to answer Mr. Skeates 
I believe he has something in his idea. These two things are 
tied together and perhaps I should talk about Mr. Skeates’ idea 
first 

You have two points in this discussion. The university is try 
ing to do something and the plant management is trying to do 
something. We are both working towards the same end. In the 
university we graduate a man and we send him to you. This 
man does not expect to go to top management immediately 
We have not trained him to go into top management at once 
He does not know the details of a foundry. We expect you, in 
industry, to take this man and put him through your foundry 
training course, and give him a year or two years plant training 

You have a man there who has built the foundation. You 
can send him through your program faster than you can send 
through any of your apprentices because he has a foundation 
In two years he will make you an excellent foreman. But are 
you going to lead him up to something? 

On the other hand, let us go back to the foundry. You have 
trained a man as an apprentice, you believe he should go into 
the university. But frequently you cannot bring the man into 
the university unless he is a high school graduate and has the 
entrance requirements which are set up in the universities 
The registrar sets some qualifications and the man has to meet 
all of these before he can enter the university. After he is ad 
mitted we will give him a good training. And I agree with M1 
Skeates thoroughly in that when he comes back to you he will 
make you a good foreman. But you will not keep him as a 
foreman. He will make you a good foreman, but unless you 
have something higher than a foremanship for him, you will 
not keep him longer than one or two years. You must have 
something ahead for that man, because with his educational 
training, he will never be satisfied to stay as a foreman all his 
life. I believe we might just as well recognize that fact. These 
men are technically trained. There are thousands of men being 
sought after each year, and if you do not take him in the foun 
dry industry, he has training and can go somewhere else. We 
are not training that man in the university for the foundry 
alone. General Electric, Westinghouse—any of these will take 
our graduates, the men we are trying to give you in the foundry 
industry 

[ would like to give you just an idea of what we are trying 
to do at Wisconsin on this cooperation plan Mr. Gregg men 
tioned. The U. of Wis. has established some fellowships. We 
are paying a yvoung man $75 or $80 a month. That is not much 
but it is a pure gift to him. We say to the local Chapter, “You 
select from your apprentices in the plants the man you would 
like to propose.” They turn the selection over to the Educa 
tional Committee of the Chapter. They select the apprentice 
they would like to have us accept, and if he can meet the en 
trance requirements he enters the university. We give him a 
scholarship for four years, and when he graduates he is going 
back to the foundry industry. He came from the foundry, and 
he is going back to the foundry, I can assure you. The univer 
sity provides this scholarship, and it should not be confused 
with the F.E.F. scholarships. 





ENGINEERING EDUCATION FoR FOUND 


Mr. Greoe Does the F.F.F. also give aid t 
How is that working out? ‘ 


Pror. BARKER: No, F.E.F. does not help thar 


the university is giving him a scholarship, tha } 
get an F-.E.F. scholarship also 4 
Mr. Grecc: Have you had any bovs from indus ; 
through your course at the U. of Wis.) How are ° 
out? I am interested in the results . 
Pror. Barker: We have not been running long y 
them all the way through. We had one man who ¢ ai, 1 
he went in the Navy. He is still in the Navy. \W as 
more men graduating soon ; 
slong 
G. G. Grorr:’ When I asked fellow students 1] \ 
they thought of foundry work they replied empha ; 
negative. One reason for this attitude is that, at | . 
so ago, they were getting more money elsewhe: , : 
foundry industry was willing to pay. Others did not know aby 
conditions in present-day foundries. So we tried loa. X\ 
ing job. This summer we will have about 20 stucde ork 
in the foundry and a number of our graduates are going . 
foundry work , ; 
There is also a cooperative program at Northeast | " 
versity. There are a number of students working unde 
cooperative program and the school cannot get more studeny ! 
for the foundry program for the reasons just given. Und pe 
program the boys go to school a number of months, then thy 
go into the foundry industry for a number of months k 
I worked as a substitute foreman through the vacation perio 1 
in Boston last summer and I became acquainted with a number Ms 
of those boys working under this cooperative plan. I started 7 
the low rate of $.92 per hour and after a month the rate wa f 
increased to $.97 per hour. The boys who were working - 
the cooperative course started at the rate of only §$.65 per hi 7 
You cannot get the boys to work for such a low rate of 
They cannot live on that, let alone save money to go hack F 
school on. That was the trouble with the cooperative « 
at Northeastern. The foundries around there were ; 
operating enough. Mr 


r. M. Rurrer:* Who is eligible for these scholarships 
sored by the F.E.F.? 








Mr. Drenrr: Briefly, the scholarships are granted enti 





the discretion of the university in which they are set up. | 
example, at the U. of Wis., the university sets the poli¢ 
makes the selection. The F.E.F. provides the financial aid 
boys eligible at the U. of Wis., for example, include 
everybody in the engineering school who has evidenced 
terest in the foundry and who is willing to take, or wh 
commit himself to take the electives which U. of Wis. | 
up in their foundry program. 

Essentially the same is true at all the schools where FE! 
scholarships are given. In most of these universities the s 
tion of scholarship candidates is not left to the professor 
They have a committee made up of men in the departme 
which F.E.F. scholarships are operating. At U. of Wis 
are operating in the Metallurgical Department; the same is 
at the U. of Cincinnati. At Northwestern it is the Indust 
Engineering Department while at Cornell it is in the Meta 
gical Department. These departments steer the program 
college, but students from other departments can come 
this program 


Mr. RUTTER Are you doing anything along the lines 
gested by Mr. Skeates? 


Mr. Drener: Nothing as formal as Mr. Skeates has 
gested. I have personally talked to several apprentices wh 
going into the program. I have a young man, 33 years of 4 
who was earning $2.40 per hour as a pattern maker for year 
He is going into Case Institute next Fall under this prog! 

I know that at Ohio State U. there is one graduate this 
who was a graduate apprentice molder before he nt 
university. 


At the cooperative schools if a student continues his fou 
education he can pretty well carry himself along if his empleo’ 
will aid him financially in one form or another during the 5 
year. In the meantime they are eligible for F.E.F olarshif 


at those particular schools. 
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candidates is a bi ob Ar 


past vear there were twice as many ap 


scholarships Ihe school considered the 


lates and classified them in three groups 


Then they considered eight ten chat 


is leadership, personal appearance, speaking 


member of the taculty in that department 


the first, second or third class Thev did not 
numerically or by letter. In this manne 


to get the scholarships 


you have any plans for the future to follow 
ogested by Mr. Skeates? 


e future of the Foundry Educational Founda 


lative stage It is criticism such as this that 
[here are 
s Foundation. We 


ost an experiment if you want to call it that 


te its future no specific plans for 


are in a period of develop 


levelop and perhaps at the end of this coming 
e€ a program ready to launch so that wher 


rs is over we will be well underway 


The statement was made that these college 


ot be content to remain as toremen. I do 


s correct, from the monetary standpoint l 


is ot as much value to the foundry 


cular capacity as to any industry he might go 


I believe vou misunderstood me I did not 


everyone of these graduates is going to be d 


foremen. I say that you should not go ill 


these men and expect them to remain as 
their lives They will naturally want 
than toremen. I believe this 
for executive positions. We 
up to you to keep them as 
the conditions so attractive 


emecn 

Ss true, but perhaps we are putting a limit 
is and what a foreman can do, A toreman 
develop his particular department to as 


t\ vill permit 


Davi 


bout 


na business 
for all the 
1 DOV cal 

Mr. DrReHver 


reviews 


universill 
foundry craft 

Mr. Maciniosu 

Min. DREHER I he 
Brookivn Navy 


+} 


boy at the 
training in ree month 


j 


mok ing °0 000-1 prope 


ot the most 

picked it up fast 
The idea of the univers lucation 
grounded in the fundamentals that 
We cannot 


brought up 


inswer the quest completel 


inother matter his education 


] 


still has to be worked or 


he provide 1 to maintain 


tained we lose some ot the 
ost innumer chamber jo 
wocdies of ! t \ I used to 
a blueprint t 
Mir. MacInrosu I think some of us in 
craft, skill and experience 
come through ‘the cor 


1 have 


age And whether a bov or young mat 


shop 


the trade been in the foundry 


depend on his am 
be stationary It on 


when he gets to the top e must n 


experience ol the craltt because there 


foundry | have made castings from 


requires ill and experience 


amazed everybod 


rial 


on, ne 
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Usr OF REFRACTORIES in the foundry presents an 
overgrowing list of applications requiring an increas 
ing number of diversified refractory materials. In this 
discussion, we will review briefly the well-known uses 
of refractories in the foundry and consider certain 
spec ial refractories which have more recently come into 
general use. 

It is interesting to observe how the use of refractory 
material in the foundry has been extended by following 
the possible applications of refractories in the various 
steps which the molten metal takes. Some of these 
applications have long been standard practice; others 
are so new that they are just beginning to prove thei 
value. First, refractories are requisite in the melting 
and refining equipment employed in the production 
of metal. Again, they are needed for the transport 
equipment used in moving molten metal within the 
foundry. Just within the past two years refractory 
materials have been used within the mold which forms 
the casting. This application is growing rapidly. 

Refractory Applications 

In the melting and refining units, whether they be 
the open hearth furnaces, the electric furnace, or the 
converter, the refractories employed must serve in the 
processing of more than one charge. In the electric 
furnace, for example, it is impossible to generalize on 
the most suitable refractory, but the overall properties 
of silica brick, together with its relatively low cost, 
make its use general in roofs and, to a lesser degree, 
in sidewall construction. For intermittent operation, 
super-duty fireclay brick or brick of the high-alumina 
classes may be used to advantage in roofs, but for hard 
continuous operation, silica brick generally serve best. 
Super-duty silica brick are now used advantageously 
in roofs. Side walls are for the most part constructed 
of silica brick or basic brick, and the choice, in the base 
of basic steel practice, will largely depend upon the 
overall service of each. Considerable progress has been 
made in the development of bottom materials for fur- 
naces. In the case of the acid electric furnace, careful 
attention to proportioning of clay and ganister, as 
well as sizing of the ganister, permits increased bottom 
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life. In the case of basic bottoms, the introduct 
the rammed magnesite materials has afforded a ; 
of rapid installation of the furnace bottoms and 
brought about improved bottom life. The lengt! 







time during which the strength of the refractories 
be maintained at high temperatures in the m 
furnaces calls for much thicker sections than are { 






to be necessary in the single-use type of refra 





shapes used later in the casting cycle. 
In the iron foundry, the cupola is, of cours 
furnace used for melting and refining the metal. 1 






materials most commonly used for cupola linings 





fireclay refractories manufactured especially for 
purpose. Patching of linings is accomplished by us 
mixtures of fireclay and grog, in suitable proport 


properly tempered with water, and rammed aga 


fireclay brick backing. Other refractories whicl 
being used are super-duty fireclay brick and to a less 
extent silica brick. ‘The most important of the proj 


ties desired for cupola blocks used in the melting ; 










are refractoriness, namely ability to withstand 


«a 
























temperature, and density, which affects their resistar Uf 
to slag penetration, to spalling, and to abrasion. | neth 
life of the lining depends to a considerable degre: eCUO 
the nature of the charge, the temperature of melting, MP4“! 
the duration of the heay and especially upon the « ame 
position and quantity of the slag. 5 , 
Ladle Linings flee 
Transportation of molten metal in ladles from | Aft 
furnace to the mold requires the use of refrac! nape 
materials. The linings of the larger ladles are co! hese 
structed of fireclay brick. Continued work is being jmpe™ 
done to adapt standard brick sizes to the larger ladle voce 
particularly those of the receiving and holding ty pers 
so as to eliminate the use of the more costly specé lova 
shapes. Smaller ladles more frequently are lined reak 
rammed material forming a monolithic lining. In 4 Hlistar 
practice, where ganister-clay mixes are rammed to lor * 
monolithic linings, the same care in preparation anc gg) 
sizing should hold for the ladle as for the furnace !! uart 
ings and bottoms. Deterioration of ladle linings! in 
sults from the fluxing action of the oxides of (he me Ref 
with the refractory. In this application the ngth ot Mgmaint 
time during which the strength of the refractories muy Bacto 
be maintained calls for thick sections, but not to rick 








demanded in turnace use. 
tional sequence in the foundry has now 
the point for consideration of the refrac 


the mold. We have considered the re 


n which the longest possible life is desired 
' turn our attention to those special retrac 
ire not re usable. I hese are called spec ial 
ot only because of their compositions, but 
9 of their physical shape, and particularly 
:, sectional thickness, makes them so to the 
Gate and runner brick, breaker core 
necked-down risers, and cup and gat 
' shapes comp! ise some of these refractories 
7 | be so ¢ lassified. 

ien have long known that a successfully 

¢ must be properly gated. The primary 
; the gate system is to furnish a means of 
metal to enter the mold. However, there 
., nctions that a gate can and must perform. 
Briggs s Metallurgy of Steel Castings ably sum 
! functions of the gate as follows: (1) to 
Bilt | cavity completely, (2) to avoid erosion 
0 vate by liquid metal, and (3) to establish 
perature differences in the mold so that 
t val ll not cause the occurrence of shrinkage 
the casting. He adds, further, that the gat 
nection also as a venting system for the removal 

pi 2 ym the mold and as a riser to furnish liquid 

met to the casting. 
Use of Special Refractories 

mmplish the first two purposes mentioned 

4 vate and runner brick are used in many found 
ries producing heavy and medium weight castings. 
Ga k are known in the refractories industry as 
t! ipe forming the sprue, and runner brick as the 
| forming the in-gate to the casting. Standard 
gate and runner brick are available in bores from 114 
in. to 4 in. in lengths of from 2 in. to 15 in. Their use 


will keep mold erosion to the minimum. 

[he foundry industry has for several years employed 
in the production of castings an operation-saving 
method of forming a short neck (a reduction in cross- 

ctional area) between the riser and the casting. This 
practice made riser-head removal easier and at the 
same time left only a small stub of metal on the cast- 
ing surface to be ground off. The reduction in the 
number of square inches of metal to be cut and ground 

ted directly in decreased cleaning costs. 

\lter a thorough study, refractory breaker core 
hapes of a standardized design have been developed. 
[hese flat, stock, refractory cores are square in shapes, 


permitting the use of either square or round riser 
wodies. Ihe neck opening carries a reverse taper to 


rovid . ° 
provide a suitable notching effect for ease of riser re- 


moval. The amount of neck stub remaining afte: 
reaking or cutting off the riser is controlled by the 
listance of the notch from the casting surface. Al- 
ug! the thickness of the standard core increases 


pith the riser diameter, a neck stub no greater than a 


niarts . 


ich is left to be ground on cores 5% in. to 114 
in thickness. 

Reference has been made above to the necessity of 
aintaining strength at high temperature of the re- 

ractories used in the furnace, in the ladle, and in gate 
rick. In the application of refractories to necked- 


down riser cores the degre of sensitiveness with which 


temperature rise affected the stability of the shape was 
quickly revealed. This sensitiveness is, no doubt, ac 
centuated by the fact that heat energy is transferred 
from the metal to the core, through its top and bottom 
surfaces simultaneously. It has been calculated that 
with equal thicknesses, it would take only one-fourth 
the time to heat the core to a selected mean tem pe ra 
ture through two opposit laces as COMpared to heating 
it through one face only 

On the other hand, the thickness of the cores must 
maintain a definite relationship to the diameter of thi 
neck, otherwise, complete freezing of the neck zone 
will take place betore the cast ng its lt has complete ly 
solidified 


Use of Refractory Cores 


Refractory breaker core shapes are powel pressed 


from a clay mixture which is of a high duty class. The 
material is particularly prepared with the objective 
of permitting the core to withstand high thermal shock 
Unusual tests have been made where molten metal was 
poured directly on the refractory cor shapes without 
any opportunity of preheating the cor The results 
were very satistactory both with ope n hearth and elec 
tric furnace steels Howeve ae 4 xp rience indicates one 
may provide conditions which will crack refractory 
cores quite early in their heating cycle, even before the 
metal freezes, and cause veining on the surface of the 
casting. It was found that when both the riser diam 
eter and the core area in contact with the casting were 
small in relation to the thickness of the necked-down 
riser core Use d. t mn pe rature cifke rences within the corte 
were so great that thermal stresses generated within 
the core section soon cracked it. By reducing the core 
thickness the early cracking of the core disappeared 

Refractory cores come ready for use. ‘This means that 
the preparation of core boxes, of sand, and the use of 
core binders and molders’ time will be saved in the 
production of the necked-down riser cores, which now 
are made in the foundry. It means the elimination ol 
baking and release of oven equipment for the curing 
of other cores of special contour and shape which may 
be required. It means reduction in handling, inspect 
ing, and repairing of sand cores which now are used. 

Because refractory cores are less porous than sand 
cores, they are not likely to absorb as much moisture 
within a given period of time. However, it is not 
recommended that wet refractory cores be used, be- 
cause of the risk of blows. We recommend that the 
same prac tice as to the dryness of core be used as that 
employed in the use of stopper rod sleeves which, too, 
are submerged in molten metal. 

Refractory cores are burned at an adequately high 
temperature to provide a strong ceramic bond. In the 
burning process all volatile matter or gas-producing 
elements are removed. Those who have had an oppor 
tunity of using refractory cores report that they evolve 
little or no gas. 

Recently, much interest has developed in the use 
of another type of refractory core, that is, cup and 
gate strainer core shapes. These cores act as a choke 
in the gate system, so as to float undesirable materials 
lighter than the metal, in a reservoir accumulating 
above the core, thus permitting clean metal to enter 











td 





the mold I he interest and consideration ol the A.F.A 


Sand Division Core Test Committee has been solicited 





concerning a proposal toward standardization of these 
shapes. A range of core sizes predicated on a rang 
in the rate of delivery of metal through the core to the 
mold was submitted for their study and suggestions 

Should it be found that enough similarity in design 
and in a range of sizes is common among the users of 
strainer core shapes, we believe that a certain degre 
of standardization may be accomplished which will 
provide a basis for manufacturing these shapes in 1 
fractory material at the lowest possible cost 


DISCUSSION 
Chairmayr R. H. Srone, Vesuvius Crucible Co., Swissvale 


Pittsburgh 
Co-Chatrmar \. S. Krorr, Western Foundry Co., Chicago 


I ( 7IR7ZOW I was somewhat disappointed because 


the 
iuthor did not discuss strainer cores more tully. Using retrace 
tory materials in strainer cores is not new About 15 vears ago 
we tried a series of strainer cores made of retractory material 
but unfortunately the cost was too excessive However, the 
iuthor showed me a strainer core which cost only one cent to 
make When vou bring strainer core production cost that low 
that is close to what it costs the ordinary toundry to produce a 
Strainer core because a strainer core sand mixture is a rather 
expensive mix. It must have high hot strength lo have that 
property it is necessary to increase considerably the amount of 
dry binders in the mixture due to the additives necessary to 
create the hot strength 

In standardization of strainer cores we must standardize on 
the shapes. From what little investigating we have done so 
tar we found as many ditlerent shapes and sizes in use as there 
are foundries. Each toundry has its own pet strainer core. That 
probably is the result of each foundry’s own experience I here 
is really no scientific explanation why they are used. They ob 
tained good results with them before and they will continue to 
get results with them. That ts the general attitude. The chang 
ing of prints might sound simple, but when you have a thousand 
patterns, especially in a large production shop, and when every 
one of those prints must be changed, it is quite an expensive 
item However, vou can begin by putting in your new patterns 
with the new type of strainer core prints. It will mean for a 
while that you are going to have more than one type of straine 
core, but that is another phase of the economics of this straine1 
core business 

I think the retractory industry has a selling job on their 
hands. I do not think it will take hold too easily. We know 
what we need in a strainer core. We need something io hold 
that hot molten metal back, and that strainer core must hold 
up. That is the function of the strainer core. I can think of 
nothing more retractory than a good ceramic material. I under 
stand that some of these retractories can withstand temperatures 
as high as Cone 32, approximately 3092 I That is sufhciently 
high when speaking in terms of malleable and gray iron be 
cause strainer cores are not used much in steel casting practice 

H. M. Kraner:? Mr. Zirzow mentioned that one of these 
strainer cores can now be produced tor one cent apiece. How big 


a core would that be 
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Do you think this type of strains 


Foundrymen ought to appreciate 


manutacturers have 


of the biggest losses that we used to have in the 
vas from a monolithic ladle lip 


part of the clay would spall off, fall into the mold 


manufactures for us a ladle lip for the different 
Now we practically never iose a pipe tro 
iddition to that 
tile and also male and female joints for the lip of 
to do is to put the mortar in 


gether and the spout is built and it holds without 


properly made retractory strainer core 


special shape of that type 


The tuture of this type o 


15 vears ago there 


Cleveland in making these straine: 
them and then dipping them in 
me correctly, that 


why that practice was discontinued 
if there has been any further experimentation alot 


material, but the cost was prohibitive at that time 


standardize on our shapes and sizes and the cost « 
core will then become insignificant 
fractory industry that the biggest cost in the productior 
core is in the cost of 
tion that we can make that die cost insignificant 

It might be a case of going to perhaps | 
of cores which should take care of practically 


I think it has many possibilities 
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Introduction 
Ss REPORT covers the work on the Sand Re 





yject sponsored by the Sand Division of the 





\ Foundrymen’s Society which has been com 





ing the past year at Cornell University. Part 





izes the data on hot compressive strength vs. 





perature for six sand mixtures. Some of these 
included in the Seventh Annual Report.+ 
Part If includes the results to date on studies of hot 







sive strength vs. exposure time for the 4 pe 





stern bentonite mixture and the 10 per cent 





iy mixture each containing 5 per cent moisture 
base sand of N. |. No. 60. These data are being 
ilyved in order to establish a recommended proce 









lure for conducting hot compressive strength tests at 





evated temperatures. Part III contains a summary of 





d conclusions from the results reported. 





[hose associated with the project at Cornell wish to 





knowledge the helpful suggestions by the Sand Divi 





Committee on Physical Properties of Steel Foundry 





Sands at Elevated Temperatures, J. A. Rassenfoss,++ 
and the advice given by Dr. H. Ries, Chan 


Fa) 





if the Sand Division. 






PART | 





Hot Compressive Strength vs. Test Temperature 
For Steel Sand Mixtures 






The 
Report have been completed for the six mixtures which 


lata partially reported in the Seventh Annual 





studied during the earlier stages of this project. 





i hese tests were run over a wide range of temperatures, 





vhich in most cases was from 300 F to 2500 F, and the 





specimens were all tested after an exposure time of 20 





tes. Figures | to 6 inclusive summarize the data. 





Figure 1 indicates that the 4 per cent western ben 





mixture containing 5 per cent moisture has a 
ak strength about 160 psi greater than that contain- 
ng er cent moisture. The temperature at which 

k strength'is reached appears to be approximately 
‘90 F for both. The addition of | per cent corn flour 
ixture containing 5 per cent moisture tends to 
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reduce the peak strength by about 175 psi and appears 
to lower the temperature at which the peak strength 1s 
attained by about 50 I 

Figure 2 shows similar results for the 10 per cent 
fire clay mixtures. In this case the peak strength of the 
mixture containing 5 per cent moisture is about 1350 
psi greater than for that containing 5 per cent moisture 
Chere appears to be only a slight difference in th 
temperature at which these peak strengths are attained 
Ihe addition of 1 per cent corn flour to the mixture 
containing 5 per cent moisture increases the peak 
strength by about 200 psi but does not alter the tem 
perature at which this peak strength is attained 

Figures 3, 4 and 5 show the results obtained on mix 
tures which have only limited use in the steel foundry 
and which show very low hot compressive strength at 
all test temperatures. The 4 per cent southern ben 
tonite mixture shows higher strength at 3 per cent 
moisture than at 5 per cent moisture, while the 4 per 
cent fire clay and 4 per cent halloysite show the reverse 
relationship. 

Figure 6 indicates that the 4 per cent illite mixture is 
appreciably stronger at 5 per cent than at 3 per cent 
moisture and that corn flour additions of | per cent do 
not affect the strength at the 5 per cent moisture level 


PART Il 


Hot Compressive Strength vs. Exposure Time 


In order to collect more data having a bearing on 
the subject of test procedures at elevated temperatures, 
an exhaustive study is being made of the effect of ex 
posure time on hot COMPressi ve strength at several 
temperatures. 

Mixtures—In order to develop data which could be 
put to use as soon as possible by the foundrymen, only 
two mixtures were studied. These were as follows 


Mixture No. | Mixture No. 2 
N. J. No. 60 Sand N. |. No. 60 Sand 
10 per cent Clay (No. 7) 
y per cent Moisture 


t per cent Western Ben 
tonite 
5 per cent Moisture 


The room temperature properties of these mixtures 
are shown in Figs. 7 and 8. Figure 7 shows two sieve 
analyses of the sand taken at two different locations in 
the storage bins and at two different times during the 
course of the investigation. These two analyses check 
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Fig. 2—Hot compressive strength vs. temp. (10%, fire 
clay mixture). 
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Fig. 18—Hot compressive strength vs. exposure time 


(10°. fire clay 2000 F). 
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as Closely as would be expected. The green compressive 


strength and permeability are shown in Fig. 8. 


Hot Compressive Strength vs. Temperature at 
20 Min Exposure Time 


Before studying the effect of exposure time on hot 
compressive strength, it was thought desirable that 
the effect of temperature should be thoroughly investi- 
gated at an exposure time sufficiently long to allow 
the specimens to be heated to the test temperature 
throughout. The time chosen was 20 min which is 
the time used previously in strength vs. temperature 
studies. 

Figure 9 shows these properties of the 4 per cent 
western bentonite mixture and Fig. 10 shows the same 
data for the 10 per cent fire clay mixture. For each set 
of data several batches were prepared in order to get 
the best average possible and to detect variations be- 
tween batches. ‘The number of test points falling 
within the 10 per cent of the mean value obtained 
is indicated along the inside of the plot at the bottom. 


Effects of Exposure Time on Hot Compressive Strength 


To date the test program has included studies of the 
effect of exposure time on the 4 per cent western ben- 
tonite mixture at 1300 F, 1520 F, 1550 F, 1800 F, and 
1850 F and on the 10 per cent fire clay mixture at 
1700 F, 1850 F and 2000 F. The results of these studies 
up to exposure times of 60 min maximum are shown 
in Figs. 11 to 18 inclusive. 


STEEL SAND PROPERTIES AT ELEVATED Tr 


throughout. For the Type B relationship 
that for the 4 per cent western bentonit 
the time to reach the point where the hot « 
strength starts to increase slowly is about t! 
the time required to heat the specimen t! 
while for the 10 per cent fire clay mixtur 
is greater. In the one case where the stre; 

after reaching a maximum, Type C, the tin 
maximum strength is less than the time r 

heat the specimen throughout. 

Further studies of these mixtures at oth: 
peratures and careful checking of the results a: the ; 
temperatures reported on should help in « ul 
standing of the laws governing molding sand behay 
under load at elevated temperatures. Until these ag 
tional studies are made, it will not be possible to 
these laws and put them to practical use in the found 


Summary and Conclusions 


Ihe results of the work on hot compressive streng; 
vs. temperature of the six sand mixes exposed 20 
before testing indicate that the 4 per cent western |y 
tonite, 10 per cent fire clay and the 4 per cent 
mixtures have superior strength properties at eleyat 
temperatures when 5 per cent moisture is used. At 
per cent moisture, these mixtures decrease in maxin 
strength by amounts of i160, 150 and 200 psi respect) 
ly. The addition of 1 per cent corn flour to these ; 
tures containing 5 per cent moisture lowers the p 
strength of the 4 per cent western bentonite mixtur 





These relationships fall into three types as follows: 175 psi and increases the peak strength of the 10 per Jesu 
\. Strength increases rapidly with time to a maxi- cent fire clay and 4 per cent illite mixture by 200 prin 
mum and then remains constant. 20 psi respectively. The peak strengths of the bentonite JRtest 
B. Strength increases rapidly up to a certain time and illite mixtures occur at about 1800 to 1850 F, the JRaiter 
and increases slowly thereafter. fire clay mixtures at about 2000 F, while the halloysite JRdiun 
C. Strength increases rapidly with time to a max1- mixture has no noticeable peak in most cases, but shows JRappli 
mum, decreases slowly for awhile, and then re a slight one at about 2100 F when | per cent corn flour JRnot, 
mains constant. is added at the 5 per cent moisture level. the | 
For the mixtures tested, the relations are essentially Studies of hot compressive strength vs. exposure time [Rit is 
as follows: for the 4 per cent western bentonite and 10 per cent prac 
1°7 Western Bentonite 10° Fire Clay (No. 7) fire clay mixtures at 5 per cent moisture indicate that Mattai 
1500 F — Type A 1700 F — Type C these mixtures each have different characteristics « Tl 
1520 F Type B 1850 F — Type A pending on the test temperature and the time required MBof t! 
1550 F — Type B 2000 F — Type B for the solid-solid reactions in the clay to proceed to Hment 
1800 F Type A completion. Further strength tests are necessary to porti 
1850 F — Type A establish the pattern of behavior for these mixtures, BRfai)y 


and additional verification of the reactions causing Bimyad 
the strength variations is needed. These two studies Bpron, 
are being carried on simultaneously and further prog: Bimerh 
ress will be reported at a later date. muml 
A fey 
pare! 
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For the conditions where the maximum strength is 
reached and remains constant thereafter (Type A) it 
is noted that the time to reach this maximum strength 
is greater than the time necessary to heat the specimen 
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THE VALUE OF PRESSURE TESTS AND RADIOGRAPHS 
OF GUN METAL CASTINGS* 


We me 
ABSTRACT 
x &' x 6 in. Of composition SS Cu-S Sn 
areas, were tnvestigated by radu grapl 
[ati 1 ressure. After ria fining meta 
castings, radiographs were taken and the 
fii¢ neu thickne sses The piates vere 
classifications by the appearance of tite 
section. Radiographs of castings that 
i castings wiiich leaked are sh n It was 


s intended for critical use s uld be radi 


ssuire teste 


RE HIGH QUALITY of bronze pressure 
is Customary to use the pressure test as the 


means of evaluation. ‘The sensitivity of this 


test is considerably different when performed unde 
onditions of testing. ‘The pressure, the m«¢ 
dium for transmitting the pressure, and the time of 
tion are important factors. More often than 
1 change in cne or more of these factors makes 
the pressure test a highly specialized test even though 
it is almost universally accepted as one of the most 
practical means of measuring the degree of success 
pattained in the manufacture of pressure castings. 


[he pressure test permits but limited interpretation 


fof the cause or nature of a defect beyond the elk 


mental fact that leakage takes place in a specified 
sportion of the casting. In an attempt to remedy this 
failure of the pressure test a number of foundries have 
made initial investigations in the radiography of 


bronze castings. The success of the radiographic 
method of inspection has been hindered by the limited 
number of observations on which to base judgments. 
A few instances in which leakage has occurred in ap- 


| y radiographically sound bronze castings have 
raised considerable question of the reliability of this 
I «. On the other hand, much can be pointed 


Dut irding the pressure test that would make an 

occasional failure an expected occurrence under cer- 

fain circumstances. 

. r] imitations of both the radiographic and pres 

Be sting methods of inspection stem from the 
° shed by permission of the Navy Department. The 


ind opinions asserted in this paper are those of the 
! do not necessarily reflect the opinions of the Navy 


Ferrous Section, Naval Research Laboratory, Wash 





Baer*’ 


nature of bronze castings. If bronze castings have a 
superficially sound skin, the pressure test is a valid 
indication of expected service only insofar as the skin 
remains intact and undamaged. If fine capillaries of 
the metal are plugged with dirt during the pressure 
test and later become freed of the material, the pres 
sure test as performed is valueless. The same factors 
that occasionally contribute to the inadequacy of the 
pressure test also occasionally affect the radiographic 
examination adversely It is well known that fine 
cracks occurring transverse to the direction ol the 
X-ray beam are unrecorded because they entail so 
little actual change in thickness. Interdendritic shrink 
age may often be of this degree of fineness. From an 
other point of view, the sound skin formation may be 
of such depth that serious defects revealed by radiog 
raphy do not contribute to leakage in pressure tests 

Considerabl ex perience In radiography ol bronz 
castings was obtained in the previous portion of this 
investigation, which was reported as “Radiography ol 
Gun Metal Castings” in TRANsAcTIONS of the Amer 
ican Foundrymen’s Association, vol. 55, pp. 153-159 
(1947). It was shown that characteristic differences 





Fig. 1—Pressure testing apparatus. 
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Taste |—Errecr or LiGHt SHRINKAGE ON PRESSURE TIGHTNESS 
Section Thickness a 
1 in. 3 4-1n. ‘9-1n ‘ 

lest X-ray Pressure X-ray Pressure X-ray Pressure X-ray 
Identity Appearance lightness Appearance lightness Appearance lightness Appear 
R1i1-5 1 LS HP MS HP MS HP MS 
Rll-4 2 LS HP LS HP LS HP LS j 
R7-4 } LS & 7 HP MS HP MS a 
R4-3 4 LS HP LS HP MS L 
RS5-4 5 LS HP LS HP LS HP LS 
R1l-1 6 LS & 1 HP LS & 1 HP LS& T HP LS Lp 
R12-1 7 LS HP LS HP LS HP MS 1] 
R12-4 8 LS HP MS HP MS HP MS HP 
R21-2 9 LS HP MS HP MS HP MS Hp 
R29-2 10 LS HP LS HP LS HP MS | 
R10-2 11 LS& 1 HP LS & 7 HP LS& T L. 
R11-2 12 LS HP CS I 
R11-3 13 LS HP LS HP LS HP LS 
R23-1 14 LS & J I 
Cope: LS Light Shrinkage CS — Concentrated Shrinkage I Leaked 

MS = Medium Shrinkage HP = Held Pressure r = Tear 
PaspLe 2—Errecr OF MEDIUM SHRINKAGE ON PRESSURE I IGHTNESS 
Section Thickness 
1 in. 34-in. 1-in. \4-in 
Test X-ray Pressure X-ray Pressure X-ray Pressure X-ray Press 


Identity Appearance lightness Appearance 


R10-4 1 MS & 1 L eT 
R7-6 2 MS HP MS 
R21-1 3 MS&T L = 
Rll-6 4 MS HP MS 
R4-1 5 MS HP MS 
R46 2 6 MS HP MS 
R25-1 7 MS & T L ous 
R19-8 8 MS & T HP MS 
RI5 9 MS HP MS 
R7-5 10 MS HP CS 
R7-3 11 MS HP MS 
R-2 12 MS HP LS 
R7-7 13 MS L eae 
R-l 14 MS HP MS 
R-39 15 MS HP MS 
R-28 16 MS& 1 L ee 
R-4 17 MS HP MS 
R18-1 18 MS HP HS 
R-3 19 MS& T HP LS & 1 
R42-2 20 MS HP MS 
Cove: MS = Medium Shrinkage HS 
CS — Concentrated Shrinkage HP 


Tightness 


HP MS HP HS 

HP MS L " 

HP MS HP MS l 

HP MS HP MS HP 

HP Cs L 

HP MS L 

HP LS L 

:* eee + 

HP MS HP MS I 

HP Ls HP LS HP 

HP HS L 

HP LS HP LS HP 

HP MS HP MS I 
= Heavy Shrinkage L — Leaked 

Held Pressure ; == Rew 


Appearance Tightness Appearance light: 





existed between radiographs of defects such as shrink- 
age, gas porosity, and tears. The report was also con- 
cerned with the metallurgical factors and foundry 
practices responsible for certain types of defects. No 
attempt was made to pressure-test the castings or assess 
the effectiveness of radiography as an inspection tool. 


Purpose of Present Study 


Lhe purpose of the present investigation is to ascer- 
tain the value of radiography as a means of inspection 
of gun metal castings (nominal composition: Cu, 88 
per cent; Sn, 8 per cent and Zn, 4 per cent). 


Experimental Procedure 








A. Sequence of Operation.—As a preliminary mea 
ure the plates were classified into four categories ©) 
the appearance of the radiographs of the 1-in, section 
In each category the plates were numbered according 
to increasing severity of the radiographically detected 
non-uniformities. The four major classifications wel 
Light shrinkage (LS), Table 1; medium shrinkagt 
(MS), Table 2; concentrated shrinkage (CS), lable: 
and gas porosity (GP), Table 4. Pressure tests wet 
then made on the plates with the expectation that 
bronzes of low uniformity in structure would 


posm » 

















nce was not obtained in the 1]-in. section, it was 
to investigate the value of radiography as an 
on of internal quality. Equal amounts of 
vere removed by machining both sides of the 






Radiographs and pressure tests were made at 
ses of three-quarters, one-half, and finally one 
of an inch. When the first leakage occurred 
pressure tests and radiographs were not made. 


[aBLE 3—EFFECT OF CONCENTRATED SHRINKAGE ON PRESSURE TIGHTNESS 
ee 
Section Thickness 
X-r Press X-ra P X-1 P X P 
\ lightness \ lig Ap] l \ | 
CS& 1 I 
CS& 1 l 
CS& 17 HP CS& 1 HP CS & T | 
CS l 
CS & T HP CS & T HP MS& 17 HP MS & T I 
CS& 1 HP CS& 7 HP CS& 7 I 
CS& 1 I 
CS HP cs HP CS HP CS | 
CS I 
CS & 1 HP CS& T I 
CS & IT HP CS& 1 I 
CS & T I 
HS HP MS HP MS HP MS | 
CS& 1 I 
S Light Shrinkage HP Held Pressure 
MIS Medium Shrinkage I Leaked 
S Heavy Shrinkage No Concentrated Porosits 
Gas Porosits No Tears 
cee laBLE 4—EFrFrecr oF Gas Porosity AND SHRINKAGE ON PRESSURE [IGHTNESS 
Section Thickness 
X-ray Pressure X-ray Press X Pre X P 
Appearance lightness Appearance light Ay lig Apr ligl 
MS & GP HP MS & GP HP MS & GP HP MS & GP | 
MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
| MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
MS & GP HP MS & GP HP LS & GP HP LS & GP HP 
| MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
MS & GP HP MS & GP HP MS & GP HP MS & GP I 
HP MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
MS & GP HP MS & GP HP MS & GP HP LS & GP HP 
MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
MS & GP HP MS & GP HP MS & GP HP HS & GP I 
HS & GP I 
MS & GP HP MS & GP HP MS & GP I 
MS & GP HP MS & GP HP MS & GP I 
] HS & GP L ° 
HS & GP HP MS & GP HP MS & GP HP MS & GP HP 
HP MS & GP HP LS & GP HP LS & GP HP LS & GP HP 
MS & GP L ; ‘ idee 
Hp HS & GP HP MS & GP HP MS & GP HP MS & GP I 
| } MS & GP HP HS & GP I 
20 MS & GP HP MS & GP HP MS & GP HP MS & GP HP 
2 HS & GP HP HS & GP HP HS & GP | 
22 HS & GP HP HS & GP HP HS & GP I 
= e: LS = Light Shrinkage L = Leaked 
MS = Medium Shrinkage I Tear 
CS — Concentrated Shrinkage 
HP Held Pressure 
HS Heavy Shrinkage 
ries 
sectl essure tightness. When 100 per cent corre- Che results of over 200 pressure tests and radiographic 


inclusive. 


Tables | 


Ihe special jig shown in 


examinations are given in and 4 

3. The Pressure Tests. 
Fig. 1 was made to hold the plates during the pressure 
test. With this apparatus, an hydraulic pressure of 
250 psi was applied to one side of a plate and held 
constant for 
pressure tests made on bronze castings. 


15 min. This is more severe than most 
\ special pre 


caution in testing was the avoiding of air pockets 
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immediately under the plate by holding the plate at 
an angle of three or four degrees to the horizontal to 
allow the air to leak through the rubber gasket betore 
the clamps were tightened and maximum hydraulic 
pressure applied. 

C. Radiography.—Vhe radiographs of the 1-in, sec- 
tion were taken with 220 KV and ten milliamperes 
with an exposure time of five minutes and a 36-in. 
target-to-film distance. A lead filter 0.03 in. in thick- 
ness was used at the source and lead intensifying 
screens 0.005 in. in thickness were placed on both 
sides of Eastman ‘Type F X-ray film. In order to obtain 
maximum contrast the voltage of the 220 KV unit 
was decreased with decreasing thickness so that it was 
only 180 KV at the thinner sections. No changes were 
made in the other conditions of the radiographic pro 
cedure, and with a density of 1.25 the sensitivity was 
usually about one per cent. 

Figures 2 to 5 are illustrations of typical non-uni- 
formities found in the l-in. sections in pressure tight 
castings. With the exception of casting R6-2 shown in 
Fig. 4, all of the castings held pressure in the one- 
quarter inch section. This particular casting (R6-2) 
leaked only when the thickness was reduced to one- 
quarter inch. 





Non-Uniformity Plate No. 


Light Shrinkage Fig. 2, R11-4 
Medium Shrinkage Fig. 3, R-3 

Concentrated Shrinkage Fig. 4, R6-2 
Shrinkage and Gas Porosity Fig. 5, R24-3 





Every radiograph that is described in Table 1 to 4 
inclusive has been kept for reference and is available 
for examination at the Naval Research Laboratory. 
Since wide variations existed in each of the four classi- 
fications of non-uniformities there is a tendency for 


some types to overlap. 


Discussion of Results 


Considerable difficulty was encountered in produc- 
ing a single type of non-uniformity in the plates. As 
will be noted in the tables, light and medium shrink- 
age were frequently associated with tears. Similarly 
gas porosity often had shrinkage as an accompanying 
non-uniformity. 

A. Light Shrinkage.—Several important facts re- 
garding radiography of light shrinkage are shown in 
Table 1. It will be noted that only one of the castings 
leaked when tested in the l-in. section. Considering 
the total castings that leaked at various thicknesses, 
approximately two-thirds of them were not pressure 
tight even though the shrinkage was very light. The 
interpretation of radiographs showing light shrinkage 
in the l-in. section is difficult because the shrinkage 
may be concentrated, as is shown by the change in 
description to medium shrinkage in many of the radio- 
graphs of the thinner sections. The interpretation is 
made more difficult by the fact that such concentra- 
tion is not necessarily indicative of failure in the 
pressure test. Of the five quarter-inch sections that held 
pressure, three did so in spite of medium shrinkage. 


O44) 


PRESSURE TESTS AND RADIOGRAPHS OF GUN My ( 
ASTD 


B. Medium Shrinkage.—The general iN 
the l-in. castings showing medium shri: i 
have been anticipated from the results 0} taineg 
plates showing light high shrinkage. Only jive ¢ 
plates in this group gave initial leakage. A{ 


the (3 
ings had been machined to thinner sections, ‘he so, 
ness was much more impaired. Only three h¢ press 
at one-quarter of an inch in thickness and in two 


these the shrinkage was classified as light. It cay 
said qualitatively, by comparing Lables | and 
the more severe the shrinkage, the less th pressur 
tightness. 

C. Concentrated Shrinkage.—Seven of the {ourt, 
l-in. castings showing concentrated shrinkage were po: 






pressure tight (lable 3). The seven remaining ay 
ings failed at some thinner section. This indicate 
that concentrated shrinkage is the most serious king 
of shrinkage. For castings with this type of non-up 
formity, radiography appears to be a desirable method 
of inspection. 

D. Shrinkage and Gas Porosity.—Several outstand 
ing characteristics of gas porosity are evident from 
Table 4. First, leakage occurred in the 1-in. plates t 
about the same extent as it did with light shrinkag 
Second, a higher proportion of the plates held pressur 
in the quarter-inch section than in any other set o| 
experiments. ‘Third, there was fairly uniform distr 
bution of the gas porosity and accompanying shrink 
age. In very few instances did the intensity of th 
porosity change from the designation in the l-in. » 
tion. This category of non-uniformity is distinguish 
by the absence of tears and concentrated shrinkag 

FE. Tears.—One of the most serious type of detec 
is the hot tear. This defect almost always occurs wit 
other defects and cannot easily be separated into 3 
special category. Although as shown in Table 2, tear 
may occasionally be superficial, it is believed that eve 
minute tears present a strong basis for rejection o! 
gun metal castings. 

F. Significance of Radiography of Gun Metal Cas 
ings.—If radiographs of gun metal castings are free o! 
any indications of non-uniformities the castings should 
be pressure tight. If, however, there are indication: 
of non-uniformities, even though they are slight, the 
possibility of leakage exists. The fact that a radio 
graph indicates a slight non-uniformity is not a valid 
reason for assuming that the damage to the casting 
in proportion to the severity of the non-uniformit 
as will be understood by an inspection of Fig. 2 to» 
The type of non-uniformity is very important. 


Conclusions is 

1. Gun metal castings showing light shrinkag: a 

. . . *“s* ae 

a radiograph are of questionable acceptability. me 


2. Radiographs showing medium shrinkage or % 
porosity in combination with shrinkage indicate 3 
serious condition and greater possibility of leakag 
under pressure. 

3. There is little question about radiographs © 
castings that have concentrated shrinkage or (eal 
These are the most dangerous types of non-uniform! 
ties and are sufficient reason for rejecting castings. 

4. Castings intended for critical use should ™ 
radiographed as well as pressure tested. 
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APPENDIX 


Mechanical Properties of Some 
Defective Bronze Castings 


Selected plates that leaked in the l-in. section were 
used for standard 0.505-in. diameter tensile specimens 
The test 
specimens were selec ted so that each specimen showed 


machined from scctions containing detects. 


a difference in the degree of severity of the defect. 
The positions from which tensile test specimens were 
taken are shown on the radiographs, Fig. 6 to 9, 





Non-Unitormity Plate No. 


Light Shrinkage Fig. 6, R4-4 
Medium Shrinkage Fig. 7, R7-7 
Concentrated Shrinkage Fig. 8, R6-5 
Shrinkage and Gas Porosity Fig. 9, R9-1 





These are four typical radiographs corresponding to 
the four classifications given in the main part of this 
The test coupons were taken over the greatest 
When the ma 
chining of the tensile test specimens were completed, 
they were subjected to visual examination with the 


report. 
gradation of non-uniformity found. 


ae] 


naked eye and also with a mm microscopic lens. 
The tensile specimens were pulled at a rate of 0.05 in. 
per min. The percentage of discoloration of the frac- 
ture and the type of fracture was noted with each 
The the are 


given in Lable 5. 


specimen. results of mechanical tests 

\s would be expected, mechanical properties of un- 
sound bronze castings are far below the requirements 
for gun metal. The results given in Table 5 
typical of data taken from ten plates that were in 
vestigated. The tensile strength of a sound plate might 
be 4000 to 5000 psi below specification, but certainly 
not 20,000 psi below, as was found in many of the 
It was not possible to find characteristic 


effects of the various types of non-uniformities on the 


are 


castings. 


PaslLe 5—EFFECT OF SHRINKAGE ON MECHANICAL PROPERTIES OF GUN METAL 


PressuURE Tests AND RADIOGRAPHS OF GUN Mp; 









































mechanical properties. There is tairly goo 
however between severity of defect estima 
ography and the damage to mechanica! 
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film for this work. was mainly because 


al 


of When we started this problem, in order 


» CUL dow 


on variables, we decided to use the same tvpe of m all 


way through. 
R. G. \t the present time, there 


growing trend away from the use of such films 


losry: * SEEMS to be 
as Kodak Ty 
F with lead intensifying screens in exposures of this ype. T} 
\ and I ving 


which probal 


finer graininess and higher contrast of Kodak Typ 
M films yield greater radiographic sensitivity 
explains the current preference for materials of thes types 

Co-CHAIRMAN HIGGINs: 
this subject, the Bureau of Ships has been interested 


In addition to the author's work » 


In wu 


same problem. When critical castings have been radiographe 
the examined hav 
been such that they would be accepted without hesitation? 

C. L. Frear:* First of all, it is almost impossible to find a 
cases where radiography has been used as an acceptance mediur 
We hope in the near future 


what proportion of commercial castings 


on bronze castings. to devel 
radiographic techniques, interpretation and standards of acc 
will 


Io date we have not accomplished too much but 


tance whereby we be able to inspect castings by ra 


graphy. 
present paper will be a distinct aid in this direction 
We have been doing some work in the Bureau in trving 
correlate the radiographic the 
castings and their resistance to leakage under hydrostatic test 
But if 


were going to start using radiography bronze 


images with properties of 


we still have not obtained much data. I would say 


right now on 
The 
is not hopeless, however, as the chief difficulty lies in our lad 


of knowledge as to just what effect any discontinuity will hav 


castings, rejections would be about 95 per cent positic 
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Position Tensile 
Test of Test Bar Strength, Elongation, 
Identity in Plate d.s.i. Per Cent 
Light Shrinkage 
R5-4 I 35100 29 
R4-4 2 23900 12 
3 24000 10 
4 27250 15 
Medium Shrinkage 
l 28500 27 
R7-7 2 29400 B.O 
31500 20 
4 28750 20 
Concentrated Shrinkage 
l 11400 
R6-5 2 10200 
3 20500 15 
4 28000 2 
Heavy Shrinkage and Gas Porosity 
l 32700 22 
R9-1 2 21100 
3 22200 
4 26500 15 
















Fracture Appearance 


100°, Woody 
50° Woody, 50° dark oxide 
50% Woody, 50% dark oxide 
80% Woody, 20% dark oxide 


35% Woody, 65% dark oxide 
35% Woody, 65% dark oxide 
50% Reddish-grey, 50°, dark ox 
85% Grey, 15° reddish-yellow 


> Woody, 95% black oxide 
> Woody, 95% black Oxide 
Woody, 75% black oxide 
Woody, 50% black 


~ /C 
a 
0% 


xide 


50% Light Brown, 50° 
40% Woody, 60% light 
Grey, 70% red ox 


30% 
20% Woody, 80% dark 

















6—Light shrinkage; leaked at \4 in. Fig. 7—Medium shrinkage; leaked at 1 in. 


Exographs reduced \4 in reproduction 





int 
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Concentrated shrinkage; leaked at \% in. Fig. 9—Shrinkage and gas porosity; leaked at | in. 


Exographs reduced 4 in reproduction. 
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Of course, developments in toundry technique will be a great 
step forward in this direction 

J. F. Epnte: * I would like to ask Mr. Baer if he has any addi 
tional data to supplement that shown in the paper regarding 
ihe tensile properties of the geod plates that were pressure 
tight. In our opinion, most of the values shown are quite low 
and not very unform. Would this suggest that the plates are 
not substantially sound? Would it not be possible to cut a serics 
of tensile bars out of one of the good plates atter it has passed 
the pressure test and thereby ascertain the quality and uniform 
ity of the plate, as a casting: 

Mr. Baer 
did hold pressure were machined down, and as a result I did not 


The plates that were radiographically sound and 


have enough to make a tensile bar after that. When I did select 
my plates for tensile properties, I did not necessarily try to 
select the best ones. I tried to select one that would compare 
radiographically to the previous four that I had shown that 
did hold pressure. I was working more on the pressure tight 
ness rather than the tensile properties. The tensile properties 
were taken to determine the correlation, if any, between tensile 
properties and radiographs 

Co-CHAIRMAN Hiceins: Radiographically sound sections ot 
Navy “G" bronze castings, made commercially with, I believe 
some inspection from Mr. Frear did show properties that were 
in excess of those required by specification, namely, 40,000 psi 
tensile and 25 per cent elongation. Unsound sections from the 
same casting were considerably below that 

Mr. Frear: Before we can use radiography as a method of 
inspecting castings, I believe we are going to require consider 
able standardization. I am thinking of a set of bronze plates 
one plate especially, which I borrowed from Mr. Baer and had’ 
it radiographed with radium and X-rayed using two million 
volts, one million volts, 250 kv and 140 kv. The radium did 
not show discontinuities in this particular plate, neither did 
the two million, nor the one million volt X-rays. The 250 kv 
X-ray showed considerable shrinkage and the 140 kv indicated 
considerably more shrinkage than actually existed. The 140 ky 
started to show up heterogeneity in the form of flow lines in 
the metal. Therefore, we are not only going to have to stand 
ardize on the type of film but also the equipment as well as th 


» of The American Metal Co., Ltd 


*Duquesne Smelting Corp S 
Pittsburgh 


PressURE Tres?ts AND RADIOGRAPHS OF GUN M; 


electrical input of the X-rays which we use 





examination 

Co-CHAIRMAN Huceoins: Does not the standay 
show the sensitivity sufficiently well? 

Mr. Frear: It will to a certain extent, but the 
in the standard penatrameter is much larger th 
the detect, especially the individual voids due to 
shrinkage, which is probably the chief cause of 
tin bronzes. In this connection, most of thes 
voids are smaller than one per cent of the wa 
the casting. One per cent sensitivity is about 
X-rays even when the most exacting technique is 

R. F. Houstt What was the thickness of these 

Mr. Frear: The thickness of these plates was | 

Mr. Hoste 
optimum voltage to use for every thickness of m 


It is known to radiographers that 


examined, J do not think that trying to make cor 
all voltages is the best thing to do, Of course, I ap, 
we do have to select a certain voltage for the part 
ness of plate that we are going to examine, and | 
merely brings out all the more, that this selection is 
be necessary. Now, as far as the 140 kv machine showi: 
thing that was not in the plate, I do not think an X 
will do that 

Co-CHAIRMAN Hiceins: We have found it not uncomm 


find shadows of large crystals occuring in castings that apy. IYts | 
to be defects and are not. work 
Mr. Houste: That is true, you can have that sort of 4 Rattel 

vi ‘ 


dication. 
Co-CHAIRMAN Hiccins: These pseudo-defects can of cours 


recognized as different from real faults. suppi 
J. I. Meporr: © Is not that 0.030 in. filtration you are using sizes 
the tube unusually heavy? We more commonly use ().10 « 9 The 
in. most of the time. I nive 
ik 
Mr. Barr: It may be a little heavy, but we seem to get ; 
lv { 
good results 
Mr. MeporF: Do you use that as standard practic with t 
Mr. Baer: Yes, we used that as standard practice fo ntorn 
problem. An answer to a previous discussion, we did red On 
the kilovoltage as the thickness of the plate was reduced, » at ie 
( 
for some of the radiographs we were down to 180 ky 
ymsery 
5 General Electric X-ray Corp., Chicago that t 
®*Metallurgical Testing Services, New York P 
cood | 
ible ft 
n whi 
Di 
ported 
the ft 
can bi 
ured 
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viry of the Heat Transfer Committee foi 






47 en largely in rounding out and elaberating 
yk orted in 1946. Thus there is a report from 
Ratt Memorial Institute dealing with Heat Trans 





ranular material of mixed grain sizes, which 





nts last year’s work on three separate grain 






The Heat Flow Analyzer Laboratory at Columbia 






University has completed studies correlating the bleed 





tests made last year on aluminum and cast iron, 





th the results to be expected from the best available 





rmation as to thermal properties. 





On aluminum the results are quite satisfactory. On 





iron the concordance between computation and 





rvation is not all that it might be. It is suspected 
it this is, in part, due to the difficulty of making 
od bleeding tests on a material having a consider 






freezing range, and therefore a fairly wide zone 
which the material is only partially frozen. 
Dr. V. Paschkis has also compared the results re 
ted many years ago by Briggs and Gezelius** on 
he freezing rate of spheres, with the results which 
in be predicted on the heat flow analyzer, and se- 









ed pretty good corroboration within the times 





hich these observers used 






* Manager of Research, National Malleable and Steel Castings 


‘ Cleveland 






Studies on Solidification and Contraction in Steel Cast 
TRANSACTIONS, A.F.A., vol. 43, p. 274 (1935) 









HEAT TRANSFER 


A.F.S. Committee Report 


REPORT OF THE COMMITTEE CHAIRMAN 


Dr. H. A. Schwartz 





It is believed that we now have ample evidence that 
the heat flow analyzer produces useful results, both tn 
the case of unidirectional heat transfer and in the 
case of heat transfer in three directions 

It is proposed in the following year to make a study 
at Columbia University on the relative rates of freez- 
ing on the simple shapes—the slab, cylinder and the 
sphere—as a function of dimension, in the hope of 
developing isochrones, that is, lines of equal time 
marking boundary between completely liquid and 
partly frozen metal. There is considerable reason to 
hope that it will be easier to develop such an attack 
on relative freezing rates than to proceed in each case 
with an attempt to develop the absolute times 

It seems appropriate to emphasize in this report 
that the work at Columbia on spheres and slabs does 
not confirm the conclusion of Chvorinov that the 
freezing time of a body could be determined as a func- 
tion of the ratio of its surface area to its volume 

The technical details of this report will be found 
in the series of papers forming a part of this program. 
They are as follows 

“Thermal Conductivity of a Sand Mixture” by C. F. 
Lucks, O. L. Linebrink and K. L. Johnson, 

“Studies on the Solidification of Aluminum Cast- 
ings” by Dr. V. Paschkis, 

“Studies on Solidification of White Iron Castings,” 
by Dr. V. Paschkis, and 

“Study on Solidification of Steel Spheres,” by Dr. 
V. Paschkis. 
















Summary 





[HE THERMAL CONDUCTIVITY of a mixture con- 
SIStI | 60 per cent 20-30 sand (Ottawa Silica Co.), 






e Memorial Institute, Columbus, Ohio 


THERMAL CONDUCTIVITY OF A SAND MIXTURE 


Cc. F. Lucks, O. L. Linebrink and K. L. Johnson* 








and 40 per cent No. 7 sand (American Graded Sand 
Co.) was determined over a temperature range of 750 
to 2250 F. The specimen tested had a unit weight of 
111 Ib. per cu. ft. 


The thermal conductivity of the sand mixture in 
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creased with temperature. Ihe thermal conductivity, Sands” published in TRANSACTIONS, AFA 
in Beu hr-“'ft-7in.°F-!, at 750 F is 2.6 and at 2250 |] used to determine the thermal conduct 
is 6.5 present specimen. 
Specimens Results 
Ihe sand mixture tested was made up from the Observed temperatures at each thermo: 
20-30 sand and No. 7 sand, described in ow report tion for each equilibrium condition a 
entitled “The Thermal Conductivities of Uhree Sands”’ lable 1. 


in’ TPRANSACTIONS of A.F.A., vol. 55, p. 62 (1947). Sixty 


pounds of sana consisting of 60 per cent 20-30 sand 
TABLE !|—OBSERVED ITEMPERATURES A} 


POSITIGNS FOR SAND MIXTURE (60 Pry 
20-30, 40 Per CENT No. 7 


and 40 per cent No. 7 sand were placed in a cylin 
drical container. ‘The sands were dry mixed by rolling 
for 2 hr. at approximately one revolution each 25 sec 








. ~ 
Five per cent water was then added to the sand mix Position of 
: : ‘ rl | l emperature I 
ture and the rolling continued for 3 hr. The slight 1ermocouple 
From Bottom Equilibrium Stat 
amount of sand adhering to the container walls, at the 
. n 
conclusion of the latter rolling, was mixed thoroughly - 
into the mixture by hand. 
. 20 64 585 7/1 

\ specimen of the wet sand mixture was prepared : : : 

; : . . 15 64 8538 1154 9 
by jolting the mixture in the specimen container as 62 /64 1018 1361 
described on pp. 63, 65 and 66 of the previously men 110/64 1414 1818 9 
tioned report. A total of 40 jolts on a foundry mold 136 64 1596 2020 9958 
jolting machine (as described in above mentioned re 
port) were used to pack the specimen. The decreas« 
in specimen thickness after 12 jolts was about 14-in. The thermal-conductivity values calculated jj 
and after 28 additional jolts approximate ly 14-in. temperature range of 750 to 2250 F at 250 F int 

[he specimen and its container were heated in an using tangents to temperature-thermocouple posit 
oven tor 5 hr. with a gradual increase in temperaturé curves for temperature gradients at the selected | 
from 150 to 210 F. The drying was then completed peratures, are given in Table 2. The data of 
by heating the unit to 400 F and holding it at this table are shown plotted in Fig. 1. 
temperature for 17 hr. The dried specimen was used \ theoretical treatment of the thermal-conductiy 
for the thermal-conductivity measurements. The unit of dry sands has been prepared by Dr. J]. C. Bell 
weight of the specimen as tested was 111 Ib. per cu. ft. is presented in Appendix I of this report. Then 


conductivity values obtained by use of the theory 


Method and Apparatus 














Ihe method and apparatus described in our report Fig. 1—Thermal conductivity vs. temperat 
entitled “The ‘Thermal Conductivities of Three mixed sand (60% 20-30, 40% No.7 
= |_| - ier Oe et Soe Ge ew coe ee eee = 
| | | | | | 
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ed experimentally are summarized in 
the three sands covered in ow previously 
eport and the present sand mixture. The 
yetween the theoretical and experimental 
tainly sufficient to verify that the experi 
s found in the mixed sand are reasonable. 
| retical and experimental data indicate that 
oids of a coarse sand with a fine sand re 
thermal-conductivity value for the mixture 
er than would be anticipated, based upon 
sed unit weight. With fine sand in the voids 
sand, the increased number of paths per 
for radiation is more effective in reducing 
conductivity than the increas¢ ol solid 

is in increasing the thermal conductivity. 


Appendix I 
Thermal Conductivity of Dry Sands 


By 
J. C. Bell 


Dry sand is normally a mixture of solid particles 
— d air. Since the thermal conductivities of both 
se substances can be determined experimentally, it 
— s reasonable to try to use such measured values to 
dict what the conductivity of the mixture will be. 
\n approximate theory suitable for this purpose has 
described by H. W. Russell.* 

One complication involved in using Russeli’s theory 
that the conductivity of air due to radiation (K,) 
depends on the thickness of the air space. For a 
ndom array of sand particles, the air space thickness 
pevidently varies greatly. However, to get some reason- 

. ilue to use, we may proceed as follows: 
\ssume that the sand consists of spheres. In order 
somewhat for variation of sizes, assume that 
t volume of the mixture there are N spheres 
of radius R and n spheres of radius r. 


that the heat traverses the mixture by moving in but 


Now suppose 


pol ction. Take a cube of unit volume with two 
faces normal to this direction, and think of it as being 
sed by a large number m of equally spaced lines 
— n this direction. A sphere of radius R will be inter- 

2400 Biesecte m7R? of these lines, while one of radius r 


* Journal, American Ceramic Society, vol. 18, pp. 1-5, (1935) 
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PaBLE 3—SUMMARY OF [THEORETICAL AND ENPERI 
MENTAL VALUES FOR THREE SANDS AND A 
SAND MUIXTURI 








Density Lemperature 
Sand lb. ft I Theoretical Experimental 
No. 7 9] 1000 
1500 23 2.4 
“000 s l 
50-70 102 1000 2 8 og 
1500 6 2 
2000 iS +4 
20-50 OS 1O00 8 
1500 j 0 
2000 4 
Mixture 111 1000 | s 
60 per cent 20 10 1500 19 ,o 
10 per cent No. 7 2000 ,4 
will be intersected by m-71 Ihe total number ol 
intersections of lines with spheres is NmrR Wl 


hus, the average line will intersect 

N7R*--n?r- 
spheres. Now the fraction of such an average line 
which lies in the air spaces in P, where P is the poros 
itv. Thus, the average length of these lines between 


encounters with spheres is 


' } } 
Since P ] NTR — nar, and the fraction ol 


J i) 
a unit volume occupied by spheres is 1-P, we find 


irP 
R-1 


R 


(1-P) 


where f is the fraction of total sphere volume (o1 
weight) consisting of spheres of radius R. This dis 
tance < will be taken as the an space thickness in 
ot air by 


estimati the thermal conductivity (A 


1g 
radiation. 

Russell’s theory is now to be applied to certain 
sands whose conductivities—as mixtures with air—were 
determined experimentally. The purpose is to decide 
in a qualitative way whether th measured values 
were reasonable ones, and in particular whether the 
variation among them is similar to the theoretical 
variation. For the conductivity (A,) of the solid parti 





cles of sand, we use** 
Ks 
Temperature, 
I Btu hr-1ft-2in°F-1 
1000 99 
1500 °F 
2000 24 


For the density of the solid, take 165 Ib. per cu. ft.) 





** ]. B. Austin, Symposium on Thermal Insulating Materials 


p. 20, ASTM, Columbus Regional Meeting, March 9, 1939 
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In addition to the notation already introduced, On the whole, the agreement betwee; 
let A. be the true thermal conductivity of an and experimental values is good for this 
A K, + K, the total conductivity of air, and A proximation. This affords verification that 
the conductivity of the air-sand mixture. Then it fol mental values are indeed reasonable. 

. lows from Russell’s Eq. 1 that 
The agreement between the methods m 
kK, (I-P) #4 (1-P) % kK, kh. sidered good enough to suggest that the 
kK. (1-P) %—1-+ P] K,/K, + [2 (1-P) 3 P could be used to compute rough values 
his equation was used to determine theoretical ductivities of sands. However, the agreen 
values for the following sands whose conductivities partly coincidental, so it is not now safe 
were also determined experimentally. theory alone 





Conductivity, Btu 


Assumed hr-lft-2in° F-1 


Iype Density, Radius L lemp.., I Fy 
Sand lb/ft: P in.) in.) °F Ks Ke Ki Ka K k 
9] 0.45 0.0030 0.0033 2000 24 0.51 0.34 0.85 

No. 7 1500 26 0.45 0.16 0.61 
1000 29 0.38 0.07 0.45 9 
102 0.39 0.0050 0.0043 2000 24 0.51 0.44 0.95 
50-70 1500 26 0.45 0.21 0.66 
1000 29 0.38 0.09 0.47 98 
108 0.35 0.0140 0.0100 2000 24 051 1.03 1.54 
20-30 1500 26 0.45 0.50 0.95 { 
1000 29 0.38 0.21 0.59 3.8 
60%, 111 0.35 60°%: 0.0037 2000 24 0.51 0.38 0.89 
20-30 0.0140 0.0037 
10% 40% 1500 26 0.45 0.19 0.64 f 
No. 7 0.0030 
Mixture 1000 29 0.38 0.08 0.46 a 








STUDIES ON THE SOLIDIFICATION OF 
ALUMINUM CASTINGS 


By 


Dr. Victor Paschkis* 


1. Purpose of Experiment k 2.05 + (1 — 0.275 t + 10° — 0.34 t*? + 10° 


:; In this equation & is expressed in Joules/cm, sec, 
PREVIOUS REPORTS covered a comparison between 1 pals oe J 
: . lemperature, ¢, is expressed in degrees C. [his equa 
bleeding tests and tests by the electric analogy method ‘ 5 +, 
ee . : . tion is taken from Jnternational Critical Tables, vo 
on the solidification of steel and of white cast iron. " 00 
. ‘ . . - : are 

Ihe present report deals with a similar comparison P A fy 
2 gs . . Fo liquid aluminum the conductivity was assun 
for the solidification of pure aluminum. 
to follow Eq. (zy: 


k 0.90 — 0.288 + 10“ + (t — 650) 2 


There are two reasons why such an additional com 
parison is desirable. First, it is the first comparison 


covering non-ferrous metals; secondly, it is the first (International Critical Tables, vol. 5, p. 220) 
time that the electric analogy method is used to study The specific heat was assumed to follow Eq. (5 
the solidification of a metal which freezes at one tem- Cc a i a oe ree 





perature rather than over a range. This behavior, Here the specific heat ¢ is expressed in Joules/g 
atom, C, and the temperature ¢ in degrees C. | 
equation is taken from page 92, vol. 5, of / 
tional Critical Tables. 

For the liquid state, values were taken trom 


common of course to all pure metals, calls for a 
change in technique in the analogy method. 


ll. Selection of Properties 


The thermal conductivity of the solid aluminum table transmitted by letter by Dr. Schwartz. In ths 
was assumed to follow Eq. (1): table for 657 C, a specifi heat of 0.2502 cal/gm, ‘ 
was given; and for 700 C a specific heat 0.2). 


* Technical Director of Heat and Mass Flow Analyzer Labo- 
ratory, Department of Mechanical Engineering, Columbia Uni- 
versitv, New York 0.251 was found. 


. > oe ’ { } ft 
Thus for a temperature of 677 C, a specific heal 
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60 ? 1200 1500 1800 2100 2400 


TIME , SEC. 


parison of the center temperatures as de 
the electric analogy method (Curve A) 
nd by bleeding tests (Curve B). 





k = 0.0375 
RECT OBSERVATION 


G- 
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Comparison of solidified thickness for 
different time, in seconds. 


Ihe density of the liquid was found by interpola- 
nm between the values for 658 C and 700 C, trans- 
itted by letter from Dr. H. A. Schwartz. The value 


wr 677 


C was found to be 2.377 gm/cm*. 
> 


[he density for the solid aluminum was found by 


sing 


\DPal 


S 


T} 


the third power of the coefficient of the linear 
sion. This coefficient is shown on p. 55 of the 
Bureau of Standards, Circular No. 346, to be 
¢ 10-*/C. 


te m pe ratures are as follows: 


Pouring Temperature 1300 F. 
Solidification Temperature 1200 F. 
Cooling, continued to the 

owest solid temperature - 700 F. 


iverage temperature for the liquid state is 
(677 C), and the average temperature for the 
te 1s 950 F (510 C). 
itent heat of fusion was indicated in a com- 
tion from Dr. Schwartz to be 95 cal/gm. 
e sand, the experiments were started with 
















exactly used for whit 










the same properties as those 


cast iron and for steel Lhese properties were 


Thermal Conductivity, 0.075 Btu /in,hr,!I 
Specific Heat, 0.28 Btu Ib,I 


\fter some preliminary experiments the conductiy 
ity of the sand was changed. The basis for the chang 
is to be seen in the fact that the pouring temperatures 
of the aluminum are very much lower than those of 
white cast iron and steel 

With reference to Table 2 of “ Thermal Conductis 
ity of a Sand Mixture,” by C. F. Lucks, O. L. Lin 
brink and K. L. Johnson of Battelle Memorial Insti 
tute, the following relationship holds 


Average Conductivity at 2250 F, 6.5 
Average Conductivity at 1250 F, 3.2 


These values are given in Btu/hr,sq ft, F/in. The 
values hold for a sand mixture of 60 per cent 20-30, 
and 40 per cent No. 7. In view of this relationship, it 
was decided to run the final tests on aluminum with 
half the conductivity used in the steel and cast tron 
experiments, namely, a conductivity of only 0.0375 


stu /in,hr,F. 


lll. Comparison of Results 


Lhe experiments were carried out for a casting con 
sisting of a 2-in. thick slab, long and wide enough so 
that the end eftects could be neglected. In the work 
by the electric analogy method an infinite slab of 2 in 
was assumed. The castings made at the Cleveland 
Research Division of the Aluminum Company of 
(America were slabs 2 x 12 x 12 in. and it was hoped 
that no end effects would occur. 

In the report “Solidification Rates of Aluminum in 
Dry Sand Molds’* H. Y. Hunsicker reports in Fig. 36 
the time-temperature curve of the casting, and in Fig 
34 the average solidified thickness plotted against the 
square root of time. 

Figure 2 of this report shows the center temperature 
of the aluminum plotted against time. Curve A shows 
the values found on the Heat and Mass Flow Analyzer; 
Curve B the values plotted from the above mentioned 
paper. It may be seen that the two curves coincide 
closely. Figure 3 shows the solidified thickness plotted 
against the square root of time. This chart contains 
four curves. Curve | shows the values obtained with 
the correct sand conductivity. Curve 2 shows the 
values found by Hunsicker. Curves 3 and 4 will be 
discussed later. Again it may bé seen that Curves | 
and 2 check well, although Curves 3 and 2 check 


better. 


IV. Variation of Properties 


Because the sand properties are not too accurately 
known, it was considered worth while to vary the sand 
properties slightly in the electric analogy experiments 
to see what effect it might have. 

Moreover, it was desired to find out what influence 
formation of an air gap would have. Finally it was 
desired to determine what influence the time lag, 
caused by a thermocouple, would have. 


* Transactions, AF\, vol. 55, p. 68 (1947) 
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; 1- CURVE A FROM FIG. 2 
: 2-4 = 0.04125 

3- AIR GAP, & ~ 0.04125 
4- THERMOCOUPLE 











300 600 900 1200 1500 1800 2100 2400 
TIME, SEC. 
Fig. 4 Comparison oO; temperatures in the aluminum 


for various conditions. 


(a) ( hange of Thermal Conductivity of the Sand. 


In Fig. 4 the aluminum temperatures are plotted 
against time. A total of four curves is shown: Curve 
| repeats the Curve A trom Fig. 2, conductivity of 
0.0375 Btu/in,hr,F. Curve 2 holds tor a thermal con- 
ductivity of the sand of k 0.04125. This value was 
found by adding 10 per cent to the original conductiv- 
ity value. In Fig. 3, Curve 3 shows the solidified thick 
ness plotted against the square root of time, tor a 
value of k 0.04125. 

It will be seen that the influence on the solidifica 
tion time is relatively small. ‘Total solidification time 
changes from 940 sec to 900 sec. ‘The influence on the 





center temperature is somewhat more marked. Thus, 
the aluminum temperatures seem to check bettet with 
the values observed in bleeding tests if a conductivity 
of 0.0375 is assumed; but the solidification times check 
better with bleeding tests il a conductivity ol 0.04125 
is assumed. In either case the differences are not very 


large. 


(b) Influence of an Air Gap 





\s a next step the influence of an air gap, formed 
immediately upon pouring at the aluminum-sand 
interface, was investigated. Heat flow across the au 
gap was assumed to take place by radiation. The cor- 
responding curve for aluminum temperatures is shown 
in Fig. 4 as Curve 3; the progress of solidification 1s 
shown as Curve 4 in Fig. 3. It will be noted that the 
influence of the air gap is quite noticeable. In com 
paring this result with that reported upon in the 
PRANSACTIONS A.F.A., vol. 53, p. 90, Fig. 2. (1945), it 
should be kept in mind that the radiation at the lowe1 
temperatures, in the case of aluminum, makes for a 








much higher resistance than radiation at the high 
temperatures, in the case of steel. Therefore, a rela- 
tively larger influence of the air gap in the case of 
aluminum casting, is to be expected compared with 
the steel casting. The influence might be slightly de- 
creased if the thermal conduction across the air gap 
would be taken into consideration in addition to the 
radiation. Such additional heat flow would also tend 
to bring Curve 4 in Fig. 3 closer to Curve 1. 











(c) Thermocouple 

It was thought worthwhile to investiga 
ble influence of the time lag of the th 
For this purpose a ceramic protection ti 
sumed to have the following dimensions 


erties: 
Outside Diamete 4 in. 
Thickness l4 in. 
Thermal Conductivity — 0.075 Btu iy 
Specific Heat 0.28 Btu lb,} 
Density 0.0811 Ib/cu 


It was assumed that the temperatures in 
num might be influenced up to a distan: 
from the thermocouple. 

Obviously all these assumptions are arb 
it was felt that the results might yield son 
tion as to the order of magnitude of erro: i 
be expected from using the thermocouple. 
Fig. 4, shows the results, and shows that th 


is not very large. 


V. Sand Temperature 


lemperatures at various points in the 
observed by the electric analogy method 
| 


plotted in Fig. 5. In the paper by Hunsick 


ously mentioned no sand temperatures are sho 


the aluminum casting. Therefore, no direct com; 


son. Is possible. However, some rough estimate 


be made by comparing the temperatures obser\ 
the aluminum alloy. 
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Figure 5 comprises three sets of curves, two for the 
two thermal conductivities used, and one for the 
all gap 

In order to compare with the aluminum alloy tests 
the following figures are mentioned 

In Hunsicker’s paper, Fig. 30: Values for a 1,-in 
distance are shown as A; in the following table. Values 
for a distance of 0.26 in. from the interface found 


from the electri experiments on pure aluminum, with 


a sand conductivity of k 0.0575, are shown in the 
table as Ey. Similarly, values for a 14-in. distance are 
shown as Aso and Fe. Values for the aluminum alloy 


of l-in. distance are shown as As, and those for the 





electric analogy method, for a distance of 1.01 in. fron 

the interface. as I 

Lime (Sec \; I \. I \ I 
"OO ot) 705 2% m0 isa 130 
100 5 teil) 7 630 PO) md Ne) 
OH00 O40 4 175 720 ot is 70 
SO) HR ORD > 78> aw mo 
1Oo0 TO ag, 580 RY 100 10 





Vi. Analysis of the Aluminum Alloy Casting 


In Hunsicker’s paper curves are shown for the sand 
temperature in an alloy casting having dimensions 
2x8x8 in. The paper also shows the progress of 
solidification with time 

It appeared desirable to duplicate on the Heat and 
Mass Flow Analyzer the solidification of the aluminum 
alloy casting. In this connection a tentative heat bal 
ance was set up based upon the temperatures and 
figures shown in Hunsicker’s paper. ‘This heat balance 
was carried out for each of the following two as 
sumptions. 

(1) All heat flow to be in a direction perpendicular 
to the long sides of the casting 

(2) ‘Two-dimensional heat flow from the casting to 
the sand, including the corner effects in the casting. 

In both investigations heat flow to the top and bot 
tom was considered to be negligible in view of the 
riser and the pouring gate. 

The heat balance was made for the moment 600 
sec. after pouring. At this time the temperature curve 
in the aluminum alloy begins to drop, indicating that 
the superheat and the heat of fusion have been given 
off at this time and the entire mass of the aluminum 
alloy is at 1200-F in a solid state. In order to determine 
the heat given off up to this moment, it was assumed 
that during the cooling from the pouring temperature 
to solidification temperature the alloy is at “liquid 
density,” and that during the solidification it is at a 
density equal the arithmetic mean of the solid and 
liquid densities. With the properties shown in Section 


Fig. 7—Cross section of one-fourth of the casting 
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If of this report (assuming that they hold also for 
the aluminum alloy) the heat given off by the steel can 
be calculated as follows: 


1) Loss of Heat Content sensible heat latent 


heat of fusion. 


”) Loss of Heat Content cu.in. x ({Btu/lb,F) x F 
x [Ib/cu in.| + Btu/lb x Ib/cu in.) 
>) 16x (0.251 x 100 x 0.0855 — 167.4 x 0.08925) 


273.4 Btu/in. height of casting. 


This is the heat absorbed by the sand. From the 
curves in Hunsicker’s paper the temperature distribu 
tion 600 sec. after pouring was determined and is 
shown in Fig. 6. Figure 6 shows only 2.8 in. of the 
sand and the curve would have to be extended from 
2.8 to 4 in. at which point the sand is assumed to be 


By integrating the area under this curve an amount 
of 712.63 degreeés-in. has been found. Multiplying this 
figure by 16 in. for the two 8-in. faces of the casting, 
and by the specific heat and density of the sand as 
given in the report, the total heat content of the sand 
of 158.4 Btu/in. height of casting may be found. ‘This 
figure is obviously less than 60 per cent of the heat 
lost by the casting. 

Ihe second heat balance, which is two-dimensional 
and thus includes the corners, may be understood 
from Fig. 7, which shows one-quarter of the casting 
and the surrounding sand. Of course the casting is 
symmetric about its axes, therefore the part shown 


Hi 


would have to be multiplied by tL. In 
the individual sections in the sand are < 
spaced near the surface where the tem) 
high and wide spaced towards the o 
calculation was carried out as follows 

temperature lor any one section (tor ex 
for the first increment ot 14 in. from th 
was multiplied with the cross-sectional] 


»F «) «Dr 


section (fo1 example, 8.25 x 2.25 8 x 9 
increment next to the aluminum.) Thy 

x sq. in.” was in turn multiplied by the s 
density. In this way the entire heat cont 
termined. The heat contained in the san $5 
two-dimensional heat flow, is found {1 

Btu /in. height of the casting. In this determina: 
was assumed that the temperature of the sand 
form all over the circumference of the casting. 4 
ally the temperatures in the corners will be loy 
thus the true figure will be lower than 262.7. ©; 
other hand, there is also heat lost in the third dj 
sion, although less than in the two dimensions 
sidered in the calculations. The heat flow in thy 
direction will be less because there is some heat ¢ 
from the riser and the gate. 

The close proximity of the values 262.7 and 2 
of the heat contents of sand and aluminum und 
specified assumptions indicates that the 2x8 x& 
casting was not big enough to eliminate corner effect 
at least as far as sand temperatures are concern 
Therefore, no basis for checking results from the H 
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| Fig. 8—Schematic wiring diagram for the solidificat 
ex periments. 
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rreEE REPoOR! 
\nalvzer is available and no tests toi 


allov were carried out 


yzer Technique for Studying Solidification 
at Constant Temperature 

it Transfer report published in IRANs 
\. vol. 53, p. QQ (1945), the technique 
c analogy method was described in some 
x periments covered in that report deal 
idification of steel, which freezes over a 
itture range. However, aluminum, as any 
solidifies at a constant temperature. In 
resenting the heat of solidification by an 
jenser, as in the solidication of steel, the 
lification was now represented by a powe 
; constant voltage. Figure 8 shows part ol 
\ used. R,, R,, etc. represent the thermal 
the various sections of the casting, the 
O noes ng shown on the diagram as part of an 
d di nit . The individual sections are marked in 
part of the figure by dotted lines. For the 
nlicitv, the resistors are shown as constant 
heat rs, whereas actually they were changed from the 
the solid state to take into account the 
thermal conductivity upon solidification. 
inder t tric condensers C,, C,, etc., represent the 
8 x8 thermal capacities of each section. The thermal ca 
is the product ol specific heat x density x 
ff each section. Again only one condenser is 
the H shown for each section whereas actually several con 
rs were used to represent the change of specific 
it from liquid to solid. To the left of the aluminum 
s shown the beginning of the sand circuit, 


rain consists of resistors and condensers to 


represent the thermal capacity and thermal resistanc 
of the various sand sections. At time O (the pouring 


} 


Lilie the switch Sw was closed Prior to this closing 


olf Sw the entire aluminum circuit had been loaded 
to a voltage equivalent to the pouring temperature ol 
1300 ] 


Upon closing Sw, the voltage equivalent to 


the temperature) of the “casting circuit dropped and 
the temperature in the first section was observed by 
means of a voltmeter \ \s soon as the temperature 
had reached the solidification point ot 1200 F, a powel 
supply PS was connected to this point L he powel 
supply was so set as to maintain a constant voltage 
equivalent to the solidification temperature of 120 
Fk. From the power supply current was flowing int 
the “casting circuit’ and this current was reported 
on the recording milliammeter marked RA in Fig. 8 
The current-time curve was integrated and the powel 
supply was disconnected as soon as enough milli 
coulombs (milliampere seconds) had been transferred 
into the casting circuit. Millicoulombs in the electric 
analogy are equivalent to Btu and the amount of mil 
licoulombs had been so determined as to correspond 
to the heat of fusion of this section. Obviously the 
next section could not drop in temperature to the 
solidification point before the first section had ab 
sorbed the entire heat of fusion { pon absorbing the 
entire heat of fusion, the power supply and the r 
cording milliammeter were switched to the second 
section, and the procedure repe ated. 

It should be noted that notwithstanding the fact 
that only one section at a time can give off the heat of 
fusion, the findings of Hunsicker were confirmed that 
there is no measurable temperature difference during 
solidification between the first and the last section 





STUDIES OF SOLIDIFICATION OF WHITE TRON CASTINGS 


Dr. Victor Paschkis* 


|. Purpose of Experiment 


Cs IN PREVIOUS YEARS the work of this laboratory 
was concentrated mainly on steel castings. It has been 

that for steel castings the freezing rates ob 

ta n this laboratory by the electric analogy 

«i check well with results obtained from bleed- 

ing tests. Such a close check may be expected however 


lor the materials under consideration and the 
properties used in calculating the circuits for 

f tric experiments are known. It therefore ap- 
sirable to investigate how closely properties 
materials than steel are known. If the 

ire known with sufficient accuracy, then the 

ests should result in the same solidification 


al Director of Heat and Mass Flow Analyzer Labo 
rtment of Mechanical Engineering, Columbia Uni- 
York 





curves as those found on the analyzer by the electric 
analogy method. 

The work was again carried out by the electri 
analogy method and reference is made to previous 
publications.! 

The present program comprises a study of the solid 
ification of casting white cast iron. Reference is made 
to the report of Dr. H. A. Schwartz, “Freezing Rate of 
White Cast Iron in Dry Sand Molds,” TRANSACTIONS, 
A.F.A., vol. 55, p. 66 (1947). 


ll. Dimensions and Temperatures 


\s may be seen from this report, the casting which 
was investigated by Dr. Schwartz was a slab 4 x 8 x 8 in. 
In the electrical experiments the center plane of the 
identical slab was tested; it was assumed that no end 
effect occurs and that therefore the center of the slab 


may be considered as part of a semi-infinite slab. The 











thickness of the sand on either side of the casting was 
10 in. 

Ihe report by Dr. Schwartz shows in Table 16 
amongst other items the pouring temperature. ‘The 
average for the eleven castings ts 2524 F. In previous 
correspondence with Dr. Schwartz this laboratory was 
instructed to base experiments on a casting tempera 
ture of 2500 F. In view of the higher temperature 
mentioned in the aforementioned report of Dr. 
Schwartz, two experiments were run, one with a Cast 
ing temperature of 2500 F and the other one with 
2524 F. 


Ill. Rates of Solidification 


In Table 17 of Dr. Schwartz's report, trozen thick 
nesses are shown. Although the half-thickness is 2 in., 
no values are shown beyond 0.88 in. The difficulties 
of bleeding iron castings account for this omission and 
are described in detail in the above mentioned report. 
Consequently, for thicknesses be yond 0.88 in. no values 
are available to compare the solidification obtained on 


the analyzer with those obtained by bleeding tests. 
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Fig. 9—Freezing rates of cast tron slab. 


In Fig. 9 the solidified thickness is plotted against 
time. Five curves are shown, numbered one to five, 
the numbers having the following meaning: 

(1) Values obtained on the Analyzer for 2500 F poul 
ing temperature, 
2) Values obtained on the Analyzer for 2524 F pou 


«= ) 


ing temperature. 
(3) Results obtained by bleeding tests, top. 
(4) Results obtained by bleeding tests, bottom. 
5) Results obtained by bleeding tests, average be 


tween top and bottom. 

In the figure the individual measurements, as tabu- 
lated in Dr. Schwartz’s report in ‘Table 16, are shown. 
The wide scattering of the points is obvious. The 
ordinate scale in Fig. 9 extends only to | in., because 
no values beyond | in. were obtained by bleeding 
tests. This chart allows therefore a close comparison 
between the electric tests and the bleeding tests. The 
complete electric tests are shown in Fig. 10; the curve 
for top freeze from the bleeding tests is repeated be 
cause this curve seems to check close with the elec- 
trical experiments. 


Hera 


IV. Comparison of Results 


Dr. Schwartz’s previously mentioned 
that probably the top curve is the tru 
curve. The “electric” points seem to fit 
well and only in a few points seem to lie 
the “top” curves from the bleeding tests. ‘| 
of bleeding tests is not sufficient to peri 
comparison between electric and bleedin 
shapes of the solidification curves from 
tests are not consistent with physical Lac 
highly improbable that a curve of this s! 
occur if the bleeding tests could be mad 
clent accuracy. On the other hand, the fi 
at the top are probably more nearly correct 
at the bottom. In view of the casting diffi 
a statistical averaging of the results from 


could give accurate results. 


V. Properties 


Ihe outcome of freezing rates by thx 
analogy method depends to a considerable ext 
the properties. “he analyzer determines with 
able accuracy the solidification rates for am 
that is fed in, independent of the correctness 
property for any specific metal, for example 
iron. The following properties were selected f) 


sources indicated in the tests: 


A — Cast Iron 


(1) Thermal conductivity: 
Liquid 8.5 Btu/ft hr I 
Solid 17 Btu/ft hr F 
The value for the “‘solid’” was taken from E. 
chen, Archiv F.D. Eisenhuettenwesen, vol. 8, | 
(1934-35). The values given by Soehnchen (Fig 
for 1 per cent Si and 3 per cent C were extrapo 
for a temperature of 1000 C. The liquid conduct 
was assumed to be 14 the value of the solid, in a 
ance with the property of steel.” 
(2) Specific Heat: 
Liquid 0.20 Btu/lb. I 
Solid 0.165 Btu/lb F 
The value for the “solid” was taken from | 
Science Reports, Tohoku Imperial University, vo 
p. 331 (1926). The reasons for selecting the liqu 
0.200 are the same as those mentioned in (1 
(3) Density: 
Liquid 449 Ib/cu ft 
Solid 0.165 Ib/cu ft 
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Fig. 10—Freezing rates of cast tron s 
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vere taken from Vol. Il, The Alloys of 
n by F. 1. Sisco, p. 270 (McGraw-Hill, 
ilues are interpolated between a curve 
nt C, 1.69 per cent Si, and another for 
C, 1.24 Sl. 
of Fuston 99 Btu /lb 
on, H. E. Cleaves and J]. G. Thompson 
lron, McGraw-Hill 1935), recom 
ordance with Austin as most probable, 
cal/e¢. 
ASTM, vol. 35, p. lol (1953), gives 
, carbon content of 4.22 per cent. Assum 
heat of fusion Is proportional to the 
nt, the heat of fusion for 2.5 per cent ¢ 


- 17 58 cal/g or 104 Btu/ Ib. 


] 


i 
} 
no 
i 


quidus Temperature 2282 F (1250C) 
solidus ‘Temperature 2088 F (1142 ¢ 


Dr. Schwartz by letter to the autho 


is in the bleeding tests the same sand was 
NRL tests for steel castings, the prope 
sand were assumed to be identical with 
previously in the analvsis of the steel cast 


Properties were as follows: 


Lhermal Conductivity 0.9 Bru tthrt 
Speci Heat O28 Btu Ibi 
Densits 93.6 Ib cutt 


Summary 


lests on Ireezing ol cast iron made on the electri 


analyzer check reasonably with bleeding tests carried 
out by the National Malleable and Steel Casting 
Company 

Lhe latter were carried out only to a solidified 
thickness of roughly 35 per cent of the halt-thickness 
of the slab. In view of the experimental dithculties 
of the bleeding tests, the curves obtained from. the 
latter are too irregular to permit a definite statement 


of the validity of properties used in the electric tests 
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STUDY ON SOLIDIFICATION OF STEEL SPHERES 


By 


Dr. Victor Paschkis* 


Purpose and Scope of Experiments 


Previous work! 2? with the Heat and Mass Flow Ana 
H MEA) on solidification of castings was limited 

bs which were so big that the end effect could 
cted. In the first study,’ as well as in work 
mnected with steel castings* + experiments on 
HMFA were always compared with bleeding tests, 
d out specifically for the purpose of such com 


for two reasons it appeared desirable to study the 
ition of steel spheres by comparing HMFA 


ments with experiments carried out by Briggs 
Gezelius, henceforth referred to as B & G. 
First, it is important to establish cooling curves for 
s, and secondly, it is of interest to carry out a 
ison with experiments published relatively 
0, and not made specifically for the purpose of 
son with HMFAL (Heat and Mass Flow Ana- 
l boratory) Tests. 
B & G investigated several spheres and made various 
eralizations. The HMFA experiments reported 


perealt were concentrated on 414-in. and _ 6-in. 


In view of the wealth of material produced 
B&G experiments, the publication® was nec- 


sarily limited in size and did not bring complete 
ta. For reasons explained in Section IT it was nec- 
sar go back to the original values, which Mr. 
’ ical Director of Heat and Mass Flow Analyzer Labo- 


artment of Mechanical Engineering, Columbia Uni 
w York. 


C. H. Briggs put at the disposal of vr. H. A. Schwartz 
\s far as necessary, parts of these original data will be 


quoted hereaftet 


ll. Briggs and Gezelius Solidification Values 


In order to arrive at a simple presentation, B & G 
averaged results from a number of tests made under 
rather different conditions 

They neglect the corner effect (Section 38) and thus 
treat a “two-dimensional” or even “‘three-dimensional”’ 
problem as if it were of the “one-dimensional” type: 
one, two or three dimensions refers to the directions 
of heat flow from the center of the casting. Inasmuch 
as this report does not deal with rectangular castings, 
this simplification will not be analyzed here 

Steels of different compositions were used and the 
results mixed (Section 42). This is probably permissi 
ble,? but differences of from 10 to 15 per cent in solidi 
fication times must be expected. 

Finally the results of castings made at different tem 
peratures were: averaged (Section 44). Because the 
validity of such averages is open to question, copies 
of the original tables were secured from Mr. Briggs. 
The tables are numberd I-VI, and 9-12. All tables 
except number 12 refer to 6-in. spheres and refer to 
a bleeding time, indicated in the head of the table 
Table 12 refers to 414-in. spheres and contains data 
for various bleeding times. 

Each table contains the following information: Heat 
Number, Analysis, Thickness (Tn.), Weight (lb.), 
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Lapsed Time (Min:Sec), Fluidity (1In.), Temperature LABLE 4—CORRELATION OF B & G any " 
(°F). Test Data 
In the present comparison only the two italicized BRC — 
items deserve spec ial attention. Point Number aia 
From previous work? it is suspected, that the pour- in Present Heat Pouring Tem; 
ing temperature has particular influence on the solidi- an = ane sees " z 
fied thickness. Therefore the new results are correlated 1 98 ll 2900 ———._ #7 - 
with those of B & G using the actual pouring temper- 2 142 9 2890 : 
atures. B & G used a large variety of pouring tempera “a 142 9 «S00 ; 
tures, varying from 2650 F to 3010 F. Inasmuch as : po ns ae z 
experiments on the HMFA were carried out for only 6 pr — 0 . 
a limited number of different pouring temperatures, 7 144 12 2750 " 
not every casting of B & G could be used for compari- 8 144 12 2760 ; 
son. Those with pouring temperatures equal or close Y 144 ~ 2730 - 
to the ones used on the HMFA are listed in Table 4 sw — 
x 1] 144 12 2800 
of this paper. 12 146 12 2800 
13 144 12 2810 
lll. Selected Properties “ a ~ oe 
Ihe HMFA may be considered to be a calculating 16 144 Io 2910 
machine for the solution of heat flow problenis. As in a = oo pa 
18 89 II 2720 
any calculating machine the answers are no better 19 > iI 2760 
than the properties fed in. In a previous report,” 20 142 q 2750 >: 
the relative importance of various properties had been = ho 10 2760 
established; based on these findings, the heat cf fusion — ~ > no 8 3 
of the steel and the thermal conductivity, specific heat °4 77 aT 9790 — 
and density of both the steel (solid and liquid) and 2% 86 III 92790 axes = 
the sand were selected and not changed in any of the 26 78 III 2800 5S ~ 
experiments. Pouring temperature and solidification i ~~ : one on 2 
range, however, have considerable influence on the 29 142 9 ©3800 ape ¥ 2.0 
solidification rate and therefore were changed sys 30 101 10 2800 1 r . | 
tematically. 31 98 10 2805 1.55 | 
The following values were used: $2 89 I 2835 0.378 Bs 
Thermal conductivity (Btu/ft, hr, F) as - 2815 0535 . 

34 82 VI 2820 1.21 q 
steel (liquid) 9.2 35 98 10 2835 153 & 
steel (solid) 18.4 36 83 III 3010 0.456 5 
sand 0.9 

Specific heat (Btu/Ib, F) ‘ 
steel (liquid) 0.200 PABLE 5—RANGE OF SOLIDIFICATION AND Powuriy | 
steel (solid) 0.165 ‘TEMPERATURE DATA 
sand 0.28 Pouring ° 

Density (lb/cu ft) Temperature Ranges of Solidification 
Steel (liquid) 450 or eihinole De cnet dliod 9 

, ' 2740 2732-2597; 2700-2600 
steel (solid) 468 2800 2732-2597; 2700-2600 
sand 93.6 2820 2732-2597; 2700-2600 
Heat of fusion (Btu/Ib) 126.2 2900 2732-2597; 2700-2600; 2822-2732 
Range of solidification and pouring temperatures 3010 2732-2597; 2700-2600; 2822-2732 - 








used in the experiments are listed in Table 5. 

No pouring temperature below 2740 F and no 
liquidus temperature below 2700 F were introduced in 
the electric experiments, because they would be in 


a point a finite distance from the center. Exp 
mental difficulties increase as the magnitude of ths 
finite distance decreases. In the present experiment 
the last observed points are 0.105r distance trom | 
corner, where r is the radius of the sphere. 

Presentations of the results are grouped accorci! 
to pouring temperature as follows: 


definite contradiction to the iron-carbon diagram. It 
is not readily understandable how B & G could oper- 
ate in some instances with pouring temperatures of 
as low as 2640 F. 





IV. Experimental Results Pouring Temperature Figure Number fo: 
All experiments were carried out on the HMFA. F) 6-In. Sphere ty4-In. Sphere 
Ihe technique used has been described previously 2740 7 / 
', 2,8 Modifications of the technique for the analysis 2800 12 
of spheres are described in the appendix. In the case 2820 13 
of spheres it is not possible to obtain the center tem- cone * 





perature by the method of electric analogy, but only 
‘ 4 ecm 
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wi DIFICATION TIME FOR 6 Im. DIAMETER SPHERE 
POURING 


TEMP, = 2740° F 
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DIFICATION TIME FOR 6 IN. DIAMETER SPHERE 
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Solidification time for 4\4-in. diameter sphere. 


Pouring temperature, 2740 F. 
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Fig 17 Solidification time for 414-1n. diamete) sphere. 
Pouring temperature, 2800 F. 
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Solidification time for 4\%-1n. diamete? sphere. 
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Fig. 19 


On each chart, two groups ol curves are shown, on 


marked as “‘start of freeze’ the other as “end of freeze.” 
The former indicates the time (abscissa) required at 
reach the 


thickness (ordinate) to 


latter 
sponding times to reach the solidus line. 


various values ol 


liquidus line; the (“end of freeze’) the corre 
Previous 
experience shows that the times to reach the liquidus 
line correspond to those obtained from bleeding tests. 
Inasmuch as the experimental time required to reach 
freeze”’ curves are in 


the last points of the “end of 


some mstances quite long, these curves were not 
always carried to the end. 


In cach group on all charts several curves are shown; 
each curve holds for a different combination of solidi 
fication range and pouring temperature. Inasmuch as 
not all ranges start at the same (liquidus) tempera 
ture, the curves for the different ranges do not follow 
range (e.g. in Fig. 14 the 155 F range, 
results in solidification times be 


in order ol 
from 2732 to 2597 
tween those of the 90 F range from 2822 to 2732 and 


that of the 100 F range from 2700 to 2600) . 
Points from B & G tests are recorded by numbers, 


the latter referring to Column 1 in Table 4. 
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DIFICATION TIME FOR 44 IN. DIAMETER SPHER 
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Solidification time for 414-in. dia? 
Pouring temperature, 3010 I 


Fig. 20 


Except for the 2740 F temperature, the va 
B & G seem to check very well with those tro 
HMFA. Why 2740 F check so 
cannot be said with certainty. 
that the 
Phe temperature of 


those at do not 


mav be temperature meas 


One reason 
ment was inaccurate. 
quite close to the liquidus temperature, and sma 


accuracies in measurement might result in con 
Another explanation is that 


able change in time. 
composition of the steel was appreciably dif 
from that poured at other temperatures pr: ssib 
segregation in the ladle during pouring the pre 
castings. 

The curves can be used for any size sphere by 


J 
ing the following scale factors to those of the 


sphere. Multiply the solidified thickness b\ 


d is the diameter of the new sphere to be xan 
d? 
36 


solidification of a 9-in. sphere to a depth of © 1 


° ° . Dhus t 
and multiply the abscissa (time) by nu 


be found by reaching the ordinate scale for © X> 
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abscissa value for the desired d curve 
81 

the time by , 2.25 
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LABLE 6-—COMPARISON OF SOLIDIFICATION OF 


SLAB AND SPHERI 








LIDIFICATION TIME FOR A POINT 0.5 IN. FROM 
ENTER, 6- IN. DIAMETER SPHERE FOR VARIOUS 
EGREES OF SUPERHEAT. 
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100 200 300 
SUPERHEAT F 
Solidification time for a potwnt 0.5 in. from 
diamete) sphere for various degree § 
of superheat. 


In | °| the solidification times are plotted against 
0 superheat; curve | holds for the range 2700 
600 F, and curve 2 for the range 2732 - 2597 F. The 
show the time to solidify to a depth of 2.5 in 

the 6-in. sphere. Iwo points, indicated by circles, 


ww the solidification times for the 2822 - 2732 range. 
rs as if one could draw a curve for solidifica 
ne vs. superheat, almost independent of the 


solidification. 


V. Comparison Between Sphere and Slab 


is been suggested repeatedly that a correlation 
n solidification rates of various shapes should 
wssible based on some characteristic figure includ 
olume and surface area. With data now avail 
for slabs (large; no end or corner effects) and 
a preliminary examination was made. A slab 
thickness d, cooled on both sides and having the 
surface as a sphere with a diameter d, has a 
ime three times as large as the sphere. 
solidification times for various degrees of supe 


it and a solidification range of 2700 F to 2600 F 
ilated in Table 6 for sphere ‘and slab. The 
id for d 1.5 in. For the slab the values 
taken from a previous publication? and 
| by multiplying with (4.5/4) ? 1.265. 

l st column contains the pouring temperature, 

second the solidification time for the slab, the 


it for the sphere, and the fourth the ratio of 
times. Obviously the ratio is not constant 
ration of the heat transfer phenomenon in 
nfirms that this should be so. 


Lherelore it does not seem possible to reduce the 
cooling characteristics of the large slab and the sphere 


to one simple ex pression. 


APPENDIX 


Modification of Electric Analogy Method 
for Representation of Spheres 


In setting up the analagous electric circuit for a 
heat flow problem the bodies (casting and mold) are 
thought of as divided into sections or lumps, The 
thermal resistance of each section is r¢ pres nted by an 
electric resistor, the thermal capacitance by an electri 
condense! 

In the case olf a slab, sections of even thickness re 
sult in equal size of resistors and condensers respec 
tively in each section In the case of cylinders and 
spheres, however, the resistance and Capac itance values 
change from section to section. With equal thickness 
of the sections, the capacitance of each section de 
creases and the resistance of each section increases 
towards the center. In fact, in either case the inner 
most resistance, starting at the center, would be in 
finite. Jackson and co-workers’ have shown a method 
to overcome the handicap for cylinders. An analysis 
of spheres* based on the method shown by Jackson 
and co-workers proves that a similar approximation is 
not feasible for spheres. Therefore only hollow spheres 
can be investigated on the HMFA. Theoretically the 
hole of the hollow sphere can be made as small as 
desired, and theretore the approximation to the solid 
sphe re can be made AS ¢ lose as necessary. 

Practical experimental considerations require, how- 
ever, a finite inside diameter. In the present ex peri 
ments the last measured point is at a distance of 
ipproximately ten per cent of the radius. Extrapola 
tion of the curves to the center is feasible, and was 
used on setting up Table 6. 
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DISCUSSION 


Chairma? EF. C. Troy, National Engineering Co., Philadel 
phia 

Co-Chairma? H. 1} rayror, Massachusetts Institute of 
Technology, Cambridge, Mass 

Discussion on “Thermal Conductivity of a Sand Mixture” 


Dr. PASCHKIS (Written Discussion It is known that theoreti 
cally it is not permissible to determine the thermal conductivity 
of mixtures based on the rule of mixtures. Nevertheless the 
writer tried this approach using the figures presented in a 
paper “Thermal Conductivities of Three Sands” by the same 


authors published in TRANSACTIONS, 


the 


A .F.A., vol. 55, p. 62 (1947) 
it is interesting that at least for the 
the law holds 
closely as can be seen from the following table which was com 


and in present report 


two sands under investigation of mixtures very 


puted from the present and previous reports. 





Temp. °F \ B ( D 
2950 53 1.28 6.58 6.5 
“O00 133 1.24 7 3 
1750 3.48 1.12 1.60 4.8 
1500 $3.00 0.96 8.96 8.9 
1250 2.52 0.92 3.44 $.2 
1000 917 0.88 3.05 28 
750 1.80 0.84 2 64 2.6 





Column A contains for each temperature the conductivity val- 
ues for the sand 20-30 taken from Table 6 of the previous paper. 
Ihe original values were multiplied by 0.6, because in the pres 
ent mixture 60 per cent of this sand is used. 

Column B the 
values for sand No. 7 taken from Table 8 of the previous paper. 


contains for each temperature conductivity 


Phe original values were multiplied by 0.4, because 40 per cent 


of this sand is used 
Column C contains the sum of the figures of Columns A and 
B tor each temperature 


Column D repeats the values of thermal conductivity for the 
mixture from ‘Table 2 of the present paper. 
seen that the con- 


By comparing Columns C and D it can be 


ductivities based on averages (law of mixtures) is very close 
to the observed conductivities. In fact, with one exception 
1.000 F). the deviation of the calculated from the observed 


value is 5 per cent or less, and more than 50 per cent of the 
values deviate 2 per cent or less. 
ot of one mixture is not conclusive but it 


course the study 


might 


be 


method of « 


pape I 


ciable 
if 


rect check which we 


alt 


yap 


} 


H. | 


Dr 


gap” and 


worth 


GFRAVLIN 


aluminum? 
PASCHKIS 


while 


alculation 


and checks more 


{luminum 


Would 


then repez 


We find out, empirically 
checks the 


that “no all gap exists 
casting of steel 

Mr. GRAVLIN: Was 
sumed air gap? 


portant because the main heat transfer across tl 
radiation 
But 
duction across the air 
ir gap, the time when the ai gap is formed is 


Probably it d 


aoes not exist ilter pout 
i short time later. 
Discussion on “Studies of Solidification of White ] 
W. K. Bock:? The bleeding tests were run o1 
which were reported, I believe, by Dr. Schwartz 


manipulation alone at the 


Dr. PASCHKIs: 
Mr. GRAVLIN: 
Dr. PASCHKIS 


in 


which 


addition 


The 


does 


the 


to 


to 


closely 


“Studies 


That is 
make 


a test of temperature solidified thickness vs 


the 


dimension 
not 


gap It 


look 


Into 


with 


or fj} 


Di 


right. We 


in the 
the test 
that 


Chis condition 


No | 


line 


That is right 
Of approximately what dime: 


ot 


radiation, 


Casti 


oughly agree with Dr. Paschkis that it 


consistent 


made bleeding tests and that if we 


dat 
Dr. 


PASCHKIS: 


a. 


is simpler th 


observed 


Paschkis sav tl 


air gap between sand and metal in the s 


lid 
conciude ti 


following many 
assuming ex 


the 
values observed in bleeding te 


the an rap 
depend on 
heat is 


seems that 


immediatels 


plant was quite a cl 


It is quite obvious that if it is 


can 


an that 








this matt 
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, § 


former « 
sts T} 
preval 


the wid 
trans! 


in conne 


is not 


sImp 


use our he 


flow analyzer. which may be considered as a calculat 
we can free the foundrymen from jobs that are uny 
dificult. The Heat Transfer Committe of A.F.S. cons 


one of the purposes of its work to prove if it is possibl 
analyzer 
vinced that this method is equivalent to long d 
and annoying bleeding tests, answering of solidific 


because 


if and 


when 


lems can be taken out of the shop 


F. G. SEFING 
frozen metal and remaining liquid, I 


:° If a body of metal is freezing and 


stated about white cast 


metal 
still coming down to the liquidus 

Let us consider 
The temperature of the surtace is 
It is moving across the horizontal 
ature of the liquid center of the casting at the 


25 t — 
| TEMPERATURES IN WHITE CAST IRON, 
| POURED AGAINST SAND, 4 IN, TOTAL 
| THICKNESS OF CASTING. 
* 2400 — 
J 
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Ww 
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q 2a 
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TIME, MIN 
Fig. 22 
1 Ford Motor Co., Dearborn, Mich. 
2 National Malleable & Steel Castings Co., Cleveland 
3 International Nickel Co., Inc., New York 


is at 


Dr. 
Mr. SEFING: 


thx 


PASCHKIS: 


solidus 


foundrymen 


iron that the temperature 
and that the metal in the 
Is that correct 


temperature curves 


(solidus) 
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quidus, according to your interpretation. In 
your interpretation, as half of the casting is 


erature of the liquid metal is still above the 


He muctl move depends on the degree of 


Accord ng to Dr Hazlett I think t was, once 
the temperature of the remaining liquid 


of the casting is down at the liquidus T he 


of course. is below the liquidus in the center 
e in time between the freezing of the center 


S verelv the time to remove the latent 


m not familiar with the work of Dr Haz 


e with his findings as explained bv Mr 





ontradictory to the measurements and |] 
lictory to what vou would expect in he wav 
Would vou expect that a casting of copper witl 
thar ro! might come nearer to the condi 

H ett was describing: 

Copper is a pure metal which solidifies at one 
( ind does not have i solidification range 
‘ yerature curves would be of a character differ 
own in Fig. 22 The latter applies only to 
ver a range In Fig. 2 of Studies on the 
Aluminum Castings” the temperatures first drop 


of the pouring temperature then remain con 
d finally start dropping again. As mentioned 
t detect any different temperature for the 
between surtace ind cente Copper of 

e metal, freezes following a similar tempera 
) Hazlett s work was on coppel it would explau 
ons you mentioned 


Dr. Hazlett’s work was on pure zinc. 


pure metal which solidifies at 


| character of the curve would be 


\s ong as it 1s 


liscrepancy in thought here depends upor 
| | 


So the « 
free7it temperature, is that correct? 
Yes 
Then in freezing an iron casting we do not ex 
¢ liquid in the center of the casting to be down 
( ire ready to treeze liquidus ? It may be 
e liquidus according to your findings? 
Yes, it should be higher 
4 In a paper on “Solidification Characteristics 


by J. H. Schaum and J. E. Fifield (see p. 382), 
sented to show that when gray iron is about 20 


fied, it will no longer bleed. At that stage solidified 


eC 
e over and hold the remaining liquid These 
on cylindrical sand castings with thermocouples 
centers on three different analvses of gray iron 
tid bleedtig would stop the center was 20 pel 


What do you mean by 20 per cent solidifica 


\ccording to the constitutional diagram at the 


erature, only 20 per cent of the material should 


Study of Solidification of Steel Spheres” 


id 
KEeENzIE:° I do not understand the difference be 
iidus and the solidus curves as to the amount of 

It is either frozen or it is not frozen. You have 
ith an amount of metal frozen against time. One 
1 is liquidus iron and the other one is solidus 


1y bleeding tests, how can you tell whether 


OVE 
or solidus? 
Kis: We can best discuss this by reference to Fig 
on the curve a number of bleeding tests at 2800 I 
rectly on the liquidus line. You ask what does the 
nean if the casting is frozen already at the liquidus 
ilyzer determines the time-temperature history of 
In determining the time-temperature history we do 
ictual casting before us. We know the size of the 


operties, and the pouring temperature. Then we 


Laboratory, Washington, D. C. 
> Co., Birmingham 





determine he e ree r } flerent parts t } castit < 
each various temperatures. The temperature values h whicl 

e make this deter nati ire r! ra oO} ously. we sele 
is one value the quidus te me ture another he « fone 
emperature We m oht take third cu r it © 7 na other 
it 2100 |} I hese ] es licate hy or takes< rnt ‘ 
thickness to react the temperat ‘ naicate t the ine 

CHAIRMAN TROY Wou ’ e meta . one ‘ 

Dr PASCHKIS No A] for 1 re metals P take sucl 
cul cs if I irt t I te Tl ire | Tt eres ‘ 
only nat te OvVs < eon ¢ © < < he 
other &( ‘ <S a ' P ‘ P 
soliclifve ( emperat r No t« the r ~ nhc curve 
oO Use nm « pat bleed tests \ e first starte 

bleed ests, we expected < ( ests ‘ 
coincide th the t e-space curve tor he s us te perat r 
We found i s not so and e have found consist« ‘ 
bleeding test checks with the liquidus line I he < re 
ncluded only for completeness of record t } no Dp sical 
Significance tor out comparison 

CHAIRMAN TROY We will not be to erest he s 
ne in that Case \re ou satished, D Mache ‘ 

Dr. MACKENZIE I am on that point. It looks to me ke « 
constitutional ad rams are wror { TI understood Di Paschkis 
corres because he ( treeve . per ce ( i for 
exampi n inderstand i ivs has - ! he tempe 
ture ot ne ole mass drops the same ti ( { | center 
the meitil « t drops and conse ou tf treeve ou 

Istel ite itt i The 1 nt ot 1420 ¢ thet i af Titic ‘ 
ireese nat particular ca on content tor ¢ pa cula tem 
perature u vou get cde n to the eutectic at 1140 ¢ We mace 
ma ree ests o1 po-cutect& rm s il ere iS muck 
is could le { "270 ¢ ut vou could still ork a thermocouplk 

1 ther I ou ot ht dow ( 11s0 ¢ | ‘ « know 

Nat sive ou could pour trom it | am sure e could me shut 
down a cel rituga cast it 1150 ¢ ana |! ( { ll stick on 
the wall 

Co-CHAIRMAN TAYLOR Ther ire no curves for i ol 


Dr. Pascukis: I should like for Dr. MacKenzie to explau S 


question more in detail 

Dr. MAcKENZIE Let us consider the iron carbon constitutiona 
diagram here temperature is plotted against carbon content 
See p 77, Cast MeTrALts Hanppook, 3rd ed At 1550 C pure iron 
freezes. Now the liquidus temperature drops to 1130 C when 
the carbon content is 4.3 per cent in pure iron-carbon alloys and 
then rises rapidly, whereas the solidus line drops to 1.7 per cent 
carbon and then goes straight across, so that at any given tem 
perature you have a metal of certain carbon content freezing 
out and a liquid When vou got down into white irons you 


in the range of 2 per cent carbon. So yvour metal with 


1420 C, continues to freez 


would be 


this carbon content begins to treeve at 


with higher and higher carbon a lower and lower temper itures 
until we have |! per cent carbon freezing at 1150 C and the 
remaining liquid would freeze at 4.3 per cent carbon and 
11350 ¢ 
Co-CHAIRMAN TaAytor: You will not have very mucl 
CHAIRMAN TROY That is the factor that I believe was brought 


up here in the 20 per cent. That is what you were trying to get 
across, that your material stops flowing 
Mr. TInDULA The frozen dendrites act 


the liquid by capillary action If you could centrifuge 


like a sponge to hold 
the mix 


probably would still come out, but without ex 


} » | | 


ture, liquid 
will no longer flow when about 20 pe! cent sold 


ternal force it 
has formed 
CHAIRMAN TROY We are overlooking the fact that the flow 
of heat from the surface of the casting outward into the sand is 
so much faster than’the flow of heat from the centet 
face in the metal body itself that we do not have equilibrium 
conditions at all. So our equilibrium diagram will not hold 
Dr. MAcKENzIE That is what we are working on, to find out 


how much that effect is 


to the sur 


t is exactly what we are trving to 


CHAIRMAN TROY Dh: 


measure 
Dr. MacKenzie: We did our work with the Bureau of 
of these different cast irons. We 


Stand 
irds on the freezing point 
poured a 6-in cylinder, 1 ft. deep. We put a thermocouple in 


and kept it stirred 
CHAIRMAN Troy: What did you pour it in? 
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De. MAcKenzir We poured it into a sand mold. You get a 
definite freezing point and it makes no difference how muc 
you stir it so long as you do keep it stirred 

Dr. Pascuktis: Of course, stirring it means that vou make the 
temperature uniform artificially, but that is not what is hap 
pening in regular casting 

Dr. MacKenzit sut as long as the metal is completely liquid 
it keeps stirring itselt The cold metal keeps going to the bot 
tom and the hot metal rises to the top 
Dr. PAscukis: In pouring ingots it was found that for killed 
steel which has relatively litthe convection we could duplicate 
the solidification of an ingot reasonably well \s soon as you 
vet to rimmed steel, with an appreciable amount of convection 
the electric analogy does not hold as well any more. Was vour 
cast steel rimmed steel or killed steel? 

Dre. MacKenzie: It was killed steel 

Dr. PAscukis: It has been proven repeatedly by experience 
that the electric analogy holds for killed steel and neglecting 
natural convection, vour casting could be represented on the 
analvze1 

J. B. Caine:* Will Dr. Paschkis elaborate on why he thinks 
the Chvorinoyv theory regarding the relation between surtace 
area and volume and treezing time ts in error? 

Dr. PASCHKIS As vet we have only the proot that it does not 
work The ratio of solidification time of a given sphere to that 
of a given slab varies with pouring temperature That is con 
trary to Chvorinov’s statement because if the surface volume 
ratio does not change with the pouring temperature and, there 
fore, the ratio of solidification times should be independent of 
the pouring temperature 

Mir. CAIN I do not understand that either 

Dr. PAscHKtis [here is no reason why Chvorinov should be 
right. IT am not aware that Chvorinoyv has in any way proven 
his contention except by making relatively few castings and then 
establishing his rule saying “Well, it looks that way empirically 
If his rule is only an assumption made on the basis of a limited 
number of experiments and then by fairly systematic work it ts 
proven that the few experiments were in error then it is diff 
cult to answer the question why his assumption is incorrect 

Mir. CAINt I am sure that Chvorinov’s original work used 
Briggs and Gezelius’ results. You are using them now to dis 
prove his work 

Dr. Pascukis: I do not know but assume that Chvorinov had 
only the published paper by Briggs and Gezelius in hand. Now 
these authors average their results obtained with different poun 
ing temperatures and draw all conclusions from averaged values 

Mr. Caine: ! will have to go over Chvorinov’s original work, 
because I checked some of the surface area-volume relations of 
their spheres against their solidification times 

Dr. Pascukis: Chvorinov’s? 

Mr. CAIN! No, Briggs and Gezelius’ spheres that Chvorinoy 
used and I checked the point on the curve Chvorinov’s curve 
shows individual points. I think his points check against the 
actual data from the American publication of Briggs and Gez 
lius 

Dr. Pascukis: The American publication uses averages in all 
its conclusions. I do not know if it is worthwhile but we could 
look at actual values, for example, at 2740 F and 2820 I 

CHAIRMAN Troy: Briggs and Gezelius’ paper presented their 
averaged findings. The paper by Chvorinoy used these averaged 
results. Dr. Paschkis got original data from Briggs and Gezelius 
and took from the original data the specific values at different 
temperatures 

Mr. CAINni Then I would qualify my question as follows 
\t a given pouring temperature would Chvorinov’s theory re 
garding the relation of surface area and volume to freezing time 
regardless of shape apply? 

Dr. Pascukis: From the present paper I can only say IT do not 
know. Experiments to be reported next year show that it does 
not check 

Dr. MACKENZIE The effect of superheat is just to heat the 
mold, is it not? A well known formula for fluidity of a molten 
metal is: temperature of the metal minus the freezing point 
over the freezing point minus the mold temperature, so that the 
superheat in this case goes into raising the mold temperature. 
After chat then you start all over again. A fluidity test is noth 
ing more than the determination of freezing rate. If you heat 


*Sawbrook Steel Castings Co., Lockland, Cincinnati 


Hi 


sour mold to the treeving point ot the metal 
running 

CHAIRMAN TROY That is true if vou transfe 
the metal 

Dr. MAcKENZIE No, if vou heat the mold 
{lire 

CHAIRMAN TROY In other words, you are « 
condition under equilibrium conditions 

Dre. MacKenziu Yes 

CHAIRMAN Troy: We are trving to deal wit! 
is not quite an equilibrium condition and we do 
wav the factors are going 

Dr. MACKENZIE 1 am simply talking about 
It is doing nothing but heating the mold. The 
curves take over and your heat transfe1 problem « 

CHAIRMAN Troy: If you poured metal into a bo 
tained a temperature equal to the solidifying temp 
metal you are pouring, vou would be right. Yo 
only the superheat, but that is not the conditior 
trving to deal with. We are dealing with a mo 
extracting heat 

Dr. MAacKENzi That will not explain the diff 
2800 and 2700 I That is just heating up the me 
100 degrees 

Dr. Pascukis: You sav the difference between 
F goes into the mold. Actually the mold-metal int 
a temperature between the initial mold temperat 
pouring temperature of the steel. This value ren 
for some time unless, as in pouring against a meta 


lubricant an additional heat transfer resistance cde 


flows trom the metal to the mold under the inf 
temperature difference between the metal initi 
temperature, slowly decreasing) and the interfac 


there is no justification in saving the heat content « 
2800 and 2700 F goes into the mold—the entire 
above this interface temperature flows to the mok } 
tioned fluidity. Do vou mean fluidity expressed ir 

Dr. MacKenzie: Anvthing vou want to use. I 
inverse ot viscosity. 

Dr. PAscukis: Yes, but in our test we are not 
Viscosity 

Dr. MAcKENZII No, you are not. I am citi 
parallel case 

CHAIRMAN Troy: We have reached that point whe 
centage of solid is so great that it has the physical str 
endure when we dump it over. I feel that the last cryst 
ing were probably washed out with the liquid. In ble 
start measuring at that point where the solids ar 
strongly enough to the mold wall to endure disturbanc 
is not truly liquidus or truly solidus that we ar ( 
Apparently we are closely approaching the liquidu 
tures if our figures are correct. If you cross sectic 
mold wall and etch you will find that the percenta 
is rather small. At least such was true in steel 

Dr. MacKenzie: Try that on the other side of the 
diagram. Take a hyper-eutectic cast iron with 6 or 7 pr 
carbon and make your studies on that side. In that cas 
solid constituent will not be getting in the way 

On the point about mold temperature, anyon 
from a ladle knows that the freezing rates that are being 
cussed, do not obtain in a hot ladle at all. You can hol 
of steel for 6 to 8 hr if you get it hot enough to start 
furnace metal is commonly held for 20 to 24 hr. 

Co-CHAIRMAN TAyLor: I believe our thinking is © 
somewhat by not defining our endpoints. When Dr. Pas 
attempted to get confirmation of his results in gray 
dificult and I think even on white iron he adds a s 
that there are certain physical observations that make it 
sible to check the results accurately. When he g 
materials, like steel for example, it was easier to measure 
values in making these comparisons. The reason for s 
when you bleed steel castings you get a well defined so 
laver. The dendrites are not long. The directional gr 
dendrites is relatively short in steel. However, as Dr. Mach 
has pointed out, if you try to bleed castings to the 1 
eutectic, say with 3.5 to 4 per cent carbon in the rot 
you find that the dendrites actually grow out as m iS 
3 in. into the liquid. If you bled such a casting the liquid 
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es stick ey right out into the yuid solicit Stee 
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direction of the bled meta They stand oht a cS ‘ 1 iM Was ( cre 1) cnh c 
ere as Still as concrete Thev are a definite pel . cre er 
think of a mushy metal witl eservation (rap a { 
ind part of it is more liquid than 1s CO-CHAIRMA I LOb Ni I 
the iron we are talking about is difficult to check be ©. crs ‘ ‘ SS ‘ 
g experiments Ihe measurements that D correct : . . ( 
erav iron or white iron are not measurable Mr. Gro I e aenm cs er ‘ ‘ 
cept. by careful quantitative means. So that nat ent oul ou ea i! right up i ‘ é 
ting to in the main is confirmation of D CO-CHAIRMAN TAYLOR I a ‘ é ke D 
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| from which the metal is bled out Phe defined in our own minds, are the 
ccuracy of his data to indicate an average meas Dr. MACKENZII I should like to see ( I Vr 
e metals where we get a less accurate exper eutectic gra ron. You would not | ‘ ! . 
ent of intertace Does that make sense, Di will freeze out as graphite 
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It ceTuainly nakes SCTISC to me It would 1 Dk Mac KEN - No —_ could nol amt Ireez ests . 
< oct i temperature CUTIVE for steel similarly Hype. eutectic saat You could probabl ane . he 
for aluminum. Put a thermocouple in_ the MI 
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IBSTRACT 


Solidification studies herein described eve conducted by 
partia solidified gray iron castings and (2) obtaining 
curves at various points within cast nos which were ide 
ca f the bled castings and i hich were poured simultaneousl 
ed Ss if omplete 
Introduction 


MANY OF THE PROPERTIES of castings are affected 
by the manner in which solidification takes place. Data 
on solidification characteristics of metals are therefore 
of great interest and value to foundrymen. Only a few 
studies have, however, been made to obtain such data. 
One was by Briggs and Gezelius * on steel, which con- 
sisted of pouring castings, allowing solidification to 
proceed for varying lengths of time, dumping the r¢ 
maining liquid, and making observations on the solidi 
fied skin. ‘They concluded that: 

a. As the surface area is increased for a given volume 
of casting, the rate of solidification is increased. 

b. Variations in the common refractory mold mat« 
rials cause little change in the velocity of solidification. 

c. The degree of superheat modifies the rate of solidi- 
fication; with higher superheat the rate of solidification 
is lowered. 

d. If the temperature of the mold is higher than 
normal, the velocity of solidification is lower than 
normal. 

The work reported here covers similar experiments 


on cast iron. 


Experimental Work 


The best way to obtain practical information regard 
ing characteristics of solidification is to hold all con 
ditions, except one, as constant as possible and observe 


The 


solidification studies described in this report were con 


the process of solidification as a function of time. 


*Published with permission of the U. S. Navy Department 
without endorsement of statements or opinions of the writers. 
+ J. E. Fifield, Metallurgist, International Nickel Co., Inc., 
New York. 
+ J. H. Schaum, Metallurgist, is on the staff of the U. S. Naval 
Research Laboratory of the Office of Naval Research, Washing- 


ton, D.C 
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(1) 


obtaining cooling curves at various | 


ducted by bleeding partially solidified cas 


and (2) 

within castings which were identical to the b] 
ings and which were poured simultaneous! 
lowed to solidify completely. 

The heats were melted in a high-frequency, lift 
induction furnace in clay-graphite crucibles. T} 
materials were Armco iron, graphite, and ferro-a 
Each heat was inoculated 30 sec before tap wit! 
per cent silicon as 50 per cent ferro-silicon. 

Ihe pyrometric studies were made with a B 
high-speed temperature recorder. Measurements 
made by inserting thermocouples into the sides 
mold cavity at the center of the vertical axis. Tem 
ture measurements near the mold—metal interfac 
made by having the protection tube make a short cl 
across the cylinder with the hot junction against 


far wall of the mold. 


Technique Used 


Ihe first experiments were made on a 2 x 6x8 
rectangular block with a riser of 3 x 7 x 2-in. } 
top of one of the 2 x 6-in. faces. This block was pla 
with the head up, top poured through the rise 
bled through the head by inverting the casting. It\ 


also cast in the inverted position with the heavy sect 


] { 
ACCU 


in the drag, open through the cope, gated at the part 
line, and bottom bled at the parting line by lifting 
cope from the drag. The latter method was tou! 
be more satisfactory for the casting received less ja! 
action than when it was inverted. Because cast 1 
extremely weak at the solidifying temperatures 
casting tears in half at the junction of the two sect 
when the cope is lifted from the drag and the ren 
ing liquid drains easily from the cope. Forty-ig 
block castings were poured, but it was found thatt 
blocks were not suitable test castings because the s 
walls sagged together and welded so that 
were obscured. 

The block type casting was therefore abandon 


favor of cylindrical castings. A group of four § 





* Bleeding is the term used in this report to indica 
of removing the remaining liquid metal from a parti 
casting by overturning it or by other means. Some indrv 
use the term, “slush-casting,” to describe this proced 


the act 
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anD |. Hi 


, 2, 24, and 3 in. in diameter, all 
ith a heavy section | in. larger in diametet 
} linder and 1% in. deep attached to the 


ach cylinder, were bottom poured through 


[They were each bottom bled, by lifting 
ym the drag. 
| from 77 heats of metal. 


About 350 of these castings 
A photograph of 
castings is shown in Fig. 1. The mold was 
, common drag but with a separate cope for 


cylinders. One set was bled and pyrometric 


undisturbed set. 


‘btained from the 





solidified fest casting Fi 


ding experiments. 


tterns were molded in fine synthetic sand, 


composition and properties of which were: 
Washed and dried 
casand (135 etn 


- 


i 


YH per ce nt 


Western Bentonite ? per cent 
Dextrine 14 per cent 
Corn flour binde) lf per cent 


Moisture 5-6 per cent of dry weight 
Green Permeability 38-48 A.F.A. units 
Green Strength 1-6 psi 
Hardness 70-78 A.F.A. units 
Flowability 75-83 per cent 
Dry Permeability 52-65 A.F.A. units 
Dry Streneth 180 230 psi 
sAll molds were air-dried for at least 24 hr before they 


ised. However, from preliminary experiments, 


is determined that no marked difference was caused 
! to 96 hr variation in the drying time. 
In each case the pouring temperature was measured 
black-body, 1mm« rsion-type, optical pyrometer. 


[he maximum pouring time was 14 sec and the average 
S sec [he elapsed time before bleeding was 
neasured from the time the mold was half filled until 
ling was started. Observations of wall thickness 
vere made by sectioning the cylinders transversely at 


’ 


center of the long axis and photographing them. 
Sets of cylinders were poured from three different 
mpositions of the following approximate chemistry: 
Low carbon: 2.5 C, 2.0 Si, 0.6 Mn, 0.01 P, 0.03 S. 
dium carbon: 3.0 C, 2.0 Si, 0.6 Mn, 0.01 P, 

03 S. 

High carbon: 3.5 C, 1.5 Si, 0.6 Mn, 0.01 P, 0.03 S. 
constant pouring temperature (2600 F) was used for 
positions and all cylinders were bled the same 
ime alter pouring, namely 2 min. Figures 2, 3, and 4 
LOW results obtained. Only one bar in each set 
low and therefore suitable for skin thickness 
nation. Smaller bars were solid and larger ones 


ust yielded thin, irregular-shaped shells at the top of 
he mold cavity. 





Although the results indicate a variation in solidifi 


cation rate 


with chemistry, it could not be 


concluded 
that this effect was due entirely to chemistry since there 
was a simultaneous vai 1ation ol supe rheat 


(An attempt 
was therefore 


made to differentiate between chemistry 
and pouring temperature by making one run in which 
the chemistry was held constant and the pouring tem 
perature and another in 
was 500 F 


and the 


varied, which the pouring 


above the solidification tem 


t« mp rature 
results of the 


first run are given in Fig. 5 showing the results of pout 


perature chemistry varied. The 


ing cylinders at six different from the 


ladl 


The castings which did Rot bleed were omitted trom 


chemical analvsis of 


t¢ mperatures 


sam of metal and bleeding 2 min after pouring 
this iron was 
. 2.15 per cent Si, 0.51 per cent Mn, 0.078 


0.071 pel 


the picture Lhe 


-.58 per cent ¢ 


per cent §S cent P. Sine composition and 


bleeding time were constant, a Comparison of the cast 


ings with the same diameters in each horizontal row 


indicates that the rate of solidification decreases with 


an increase in pouring temperatu \s would be ex 


pected, the rate of increases as the size of the casting 


decreases The second run consisted of duplicate cast 
ings of two different compositions but poured at 500 F 


and 2660 


above their respective liquidi namely 2590 I 


I and bled 4 


min later. As shown in Fig. 6 the higher 





, > 
Solidified sections of cast tron (3.59 ¢ 
9 miin atte) pour 


’ “|. 
cylinders bled 





Fi > 1.95 Si 


at 2600 7 


Solidified sections of cast tron (3.05 C 


j 2) 
cylinders bled 2 min after pouring 





Fig. / 1.87 Si) 


Solidified sections of cast iron (2.57 C, 


cylinders bled 2 min after pouring at 2600 F. 
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2650°F 2600°F 2550° F 2500°F 2450°F 








| 1/72" 


Fig. 5—Ser tioned ( ylinders whi h were poured from the 
same ladle of metal at the indicated temperatures and 
bled 2 min later. 
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Series of cooling curves from data obtained at 


f 
a 


lidified remains of cast iron (2.81 C, 2.15 Si) 
‘ed 2 min after pouring at 2600 F. Left is 
drag. Right is ring at top of cope. 


Fig. 9—Solidified remains of cast iron (2.81 C, 2.15 St) 
cylinder bled 3 min after pouring at 2600 F. Left is 
Right is hollow cylinder of cope. 


centers of four 3-in. diameter cast tron bars. 


drag 
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carbon iron bled to a greater extent than the lowe 
carbon iron, although each was poured with the sam« 
increment of temperature above its liquidus. The left 
of each pair of castings (of the same diameter) analyzed 
5.89 per cent C, 1.87 per cent Si, 0.61 per cent Mn, 0.026 
per cent S, 0.005 per cent P and the right of each pain 
analyzed 3.05 per cent C, 1.87 per cent Si, 0.61 per cent 
Mn, 0.026 per cent S, and 0.005 per cent P. This ex 
periment shows that chemistry also affects the rate of 
solidification. While it might be argued that this re 
sult could be due to the change in cooling rate caused 
by the difference in pouring temperatures, it is felt 
that this factor is too small to produce such a great 
difference in volume solidification. 

\ correlation of the process of solidification with 
temperature was effected by comparing cooling curves 
with thickness of skin at various times after pouring. 
Figure 7 is a series of cooling curves drawn from tem 
perature data obtained at the centers of four 3-in. 
diameter cast iron bars poured one after another from 
the same ladle. The curve is marked when a cylinder 
was bled. Figures 8, 9, 10 and 11 are photographs of 
the bled castings. Figure 8 shows the remains of the 
casting bled at 2298 F, 2 min after pouring; there was 
just a small ring at the top of the bar, no sidewalls, only 
some evidence of solid metal in the bleedings. Figure 
9 shows the casting which was bled at 2295 F, 3 min 
after pouring. This casting had a solid wall which was 
torn in bleeding with part dropping on the liquid 
bleedings. Figure 10 is a photograph of the casting 
which was bled at 2285 F, 3 min and 40 sec after pour- 
ing. This casting was almost solid for it showed a semi 
crystalline fracture. When air-pressure was applied to 
the head of it in an attempt to force out all liquid 
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metal, a portion of the wall was blown tot 
deformed slightly. The wall appeared to 
mass barely able to support its own weight 
shows that the last casting acted as a so] 


It 1s 
an 


own 





OTTNICU 
Fig. 10—Solidified remains of cast tron (2.81 C. 2.15 <¢ lid 
cylinder bled 3 min 40 sec after pouring at 26 
is drag. Center is bottom half of cope after { 
to floor. Right is top half of cope 





Solidified remains of cast iron (2.81 C, 2.15 § 
cylinder bled 4 min 21 sec after pouring at 2600 F. Lei 
is drag. Right is cope. Note crystalline tear. 


Fig. 11- 
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Fig. 12—Cooling curves made at center and outside of 
3-in. diameter bar. 
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ik the cope from the drag and the casting 
stalline tear, even though it was torn at 
min and 21 sec after pouring, and 168 F 


is idus. This experiment was duplicated 
Bur verification of the results. 
accounting for these results, cooling 
ade at the center and outside of a 3-in 
These curves are given in Fig. 12, which 
outside reaches the liquidus about 2 min 
” and the center about | min later. 
Bit is ed that the results shown in Fig. 7, 8, 9, 
i) iv be explained as follows. The casting 
a 8 was bled before enough dendrites had 
. ive any strength to the wall and all th 
as swept out with the liquid as it drained 
ld. In Fig. 9 the dendrites had thickened 
, rm a strong wall. The third casting, Fig 
I d far enough below the liquidus so that 
the s were able to support approximately 
* ; of the metal as liquid. (This proportion 
mwas Cal ted from the iron carbon diagram, using 
: ) principle). The last casting, shown in 
Biv d as a solid even though the temperatur 
” face was approximately 2175 F or 75 | 
‘al ve ti solidus 
J 
’ 
i 


AL AA ae ea 





ig Solidified section of cast tron (3.00 C, 1.72 Si 
ed 3 min 19 sec after pouring at 2600 F. Note 


ts of eutectic metal squeezed from wall. 


walls of a bled specimen of cast iron con 
St of dendrites with liquid entrapped in them, is 
Fig. 13 which is a photograph of the cross 
ection of a bled cylinder showing small droplets of 


ging to the inner wall. The formation of 


cst lets may be observed on the inner wall of the 


hortly after bleeding. First a bright spot 
pears and then gradually grows into a drop of metal 
nie omes large enough to break loose and fall to 


387 


the floor. As manv as five or ten droplk ts of metal may 
exude from anv one spot before the metal becomes cold 
enough to freeze at the point of exudation. These metal 


globules are commonly observed on the tops of risers 


as shown on the sectioned castings appearing in Fig. 14 








/ lf 


~ 





Three castings with exudations on fop of the 


PiS€VS. 


Chemical compositions of five of these exudations from 
different heats indicated equivalent carbons (per cent 
carbon plus L. of the per cent silicon) of 4.49, 4.47 
1.41, 4.12 and 4.20 per cent, while the equivalent car 
bon of the base metal in the castings ranged from 3.6 
to 4.0 per cent. As a specific example, the parent metal 
of one casting had a composition of 3.04 per cent cat 
bon and 2.18 per cent silicon but the exuded metal 
analyzed 3.40 per cent carbon and 2.37 per cent silicon 
Since the exuded metal approaches eutecti« cCOmMpos! 
tion, it has a low fusing temperature and high fluidity 
It is believed that the metal was exuded by the pressure 
created from the increase in volume accompanying the 
formation of graphite and from thermal contraction 
of the solid portion of the casting 

Since all the experiments indicated that thin cast 
iron walls at the time of solidification have littl 
strength, it was felt that this was the reason that blind 
risers do not function on iron castings when the casting 
is of greater height than the riser. For a biind rise 
to feed a casting higher than the riser, the pressure 
acting on the molten metal in the riser must exceed 
that acting to force the metal from the casting to the 
riser. Since the ferrostati is greater in the 
casting than in the riser, the riser will feed only if the 


pressure 


difference in atmospheric pressure exceeds the ferro 
static pressure difference. This can be accomplished 
by reducing the pressure within the casting while keep 
ing the metal in the riser at atmospheric pressure. 
The reduced pressure within the casting which is 
produced as a result of the normal shrinkage on solidi 
fication will be maintained only if the wall of the cast 
ing is strong enough to resist collapse from atmospheric 
pressure. An experiment was carried out to determin 
if this collapse does occur. It consisted of pouring two 
6 x 12 x |-in. castings with the 12-in. dimension in the 
vertical position and with the riser attached to the 
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bottom. The risers for both eastings had the same 
volume, but one was 16 in. high and open to the atmos 
phere, while the other was a blind riser only 5 in. high 
The casting made with the tall riser was sound and 
true to shape, while the one made with the blind rise1 
had a bad tuck or draw near the top indicating col 
lapse of the wall 


Conclusions 


|. The rate of solidification ef gray iron in a given 
section size varies inversely with the temperature above 
solidification temperature at which the metal is poured. 

2. The rate of solidification increases with decrease 
in cross-sectional area. 

) Che rate of solidification varies with chemistry: 
up to the eutectic composition, the higher the carbon, 
the lower the rate. 

!. Cast iron acts essentially as a solid after its tem 
perature falls slightly below the liquidus; the tightly 
interlaced dendrites are able to hold then shape and 
support considerable weight of liquid metal. 

5. Blind risers do not function effectively on cast 
iron because of its weak skin strength. 
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DISCUSSION 


Chat ” R. G. McELwer, 
Detroit 

Co-Chairmar FE. C. Jerer, Ford Motor Co., Dearborn, Mich 

W. W. Austin, JR. * What tvpe of graphite structure was ob 


Vanadium Corp. of America 


served in the svnthetic iron used in this work? 

Mr. Freieep All of the irons used in this work were inocu 
lated. Every iron examined microscopically had random. fake 
sraphite 

Co-CHAIRMAN Jeter: What influence does temperature have 
on this type of defect? What has the author found out about 
influence of pouring temperatures on shrinkage 

Mr. Firtetp: We feel that these experiments indicate that 
cast iron acts as a solid when it has cooled a short way below the 
liquidus temperature. It seems improbable that gray iron can 
be ted when the dendrites are so tightly interlaced that thes 


will support seven-eighths of the metal weight as liquid. Prob 


Southern Research Institute, B 
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risers feed only the shrinkage in gray cast 


in the liquid state and during the progress of 


tion That shrinkage which remains thereafte; 
ige may be compensated for by the formation of 
forces the remaining eutectic metal into 
shrinkage areas. We have no definite conclusio 
can base this statement. It is more a theory 


that a proven fact 


V. A. Crospsy Ihe authors state in conclus 
blind risers do not tunction effectively in cast 
cast iron’s weak skin strength. I have been info 
foundryvmen are using blind risers quite effecti ' 
vondering if the authors have thoroughly, pro (, 


risers are of little avail in practice? 
Mir. Firiecp: I agree I know foundryvmen 
risers on cast iron and thev claim that thev are 


culties throug! 


their use. However, in a labora 
trolled experiment, you cannot make blind risers 


1 cast iron as they do in steel. In steel, in a cont 


ment you can feed metal up a vertical height of 
(0 te 50 in. Tf vou do the same experiment and t 
it in cast iron, inevitably vou will have a tuck oy 
gray iron casting which has not been fed by the 


blind riser I cannot explain the difference be 


ind laboratory conclusions 

Mr. Scuaum: [ think it depends somewhat or 
of a blind riser There are blind atmospheric p 
risers and there are blind risers. I have seen the 
castings where the riser is attached to a section ce 
mold and it does not have to feed uphill. It is fees 
or perhaps feeding a part of the casting below the 
this secalled blind riser. We really should qualify 
to a blind riser as one functioning with the aid of 
pressure where feeding is meant to be above its leve | 
tinguishing here between the two types of blind rise 
can have the one type that feeds downward by the s 
of the metal, or the other type in which it is a n 
spheric pressure forcing metal uphill or havi 
because of a vacuum being created 

Co-CHAIRMAN JETER: In reality both co-authors s 
will not do much good on cast iron. Is that corre¢ 

Mr. Firietp: I do not want to say that risers a 


on cast iron, because I know very well vou have to us tals 
to a certain extent it seems hard to believe that ( ( rror ny 
irons which were discussed in the paper are certainly not f molt 
sentative of all kinds of irons which are poured toda It s ail 
hard to believe that risers for those irons do muct 3 
compensate for the shrinkage which occurs in the tilab 
and in the initial stages as it passes from the liquid t . mditi 
state nold 
Mir. FIrtetp futhors’ Closure): With regard to Mr. | Stud 
last comment and the discussion concerning shrinkage, | ai 
like to clarify my last statement bv saving that risers bie 
used to iced gross shrinkage, such as piping or large voids raea 
these risers must act before the dendrites have com etals 
traversed any intervening section. Risers are belt iced 
ineffective for feeding micro or interdendritic shri scent 
2 Climax Molybdenum Co., Detroit nm cin 
to m 
iphes 
b-mm 
Clerist 
terer 
In 0 
UTE’ 
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GATING SYSTEMS FOR METAL CASTINGS 


W. H. Johnson * 





of 


es 


é 
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a 


the flow and turbulence of liquid steel as 
(;ating systems and pouring tect niques sucl 
vehi gates, riser gates, finger gates, horn gal 
side gales were studied The results showe 
g tems did not function as common supposes 
each system is described in the tex 
lischarge of molten steel into the mold caviti 
tion pictures. High speed photography 
ser vas used in a study of flow of molten ste 
The ost nieresting scenes of fiou and turbu 
he various gating systems have been assemb 
ind fl ; 


By 


and W. O. Baker 








s. Several variations were used for each ol these 


gat 
gating systems 

rhe sprues and ingates in all gating systems were 
this 


1 in. in diamete except where a deviation trom 


dimension is noted below 










In the studies of top pou 


ing, and of step and bottom side 
x 18 in. high was used with a riset 


ates, 


x 


x 


uv 
~ 
/ 


/ 


a casting oO 


Whirl gates, 


riser gates, finger gates, horn gates and other step gates 


were used on 6 x 6 x 12-in. casting without a riser 


This 


mold was placed in a horizontal position except in the 


case of step gating when it was vertical 


Durbulence 


the 


castings 


Was 


re 


vealed 


by 


the 






swirling and rolling of the molten metal in the mold 








FOUNDRY TECHNIQUES for “gating” molten 





o molds are generally developed by trial and 






x methods. The need for the study of the behavion 






metal within gating systems is widely recog 






\lost of the information on fluid flow which ts 







e in the literature is concerned with steady flow 
ions and little can be applied to the filling of 






es of flow in models of gating systems have been 

















orted by S. L. Fry! and by R. B. Fisher.? Fry re- 
rded the behavior of the low melting nonferrous 
ils lead and aluminum by cine-radiography. He 
ced plate molds between an X-ray source and fluor 





screen and photographed the image with a 35 






cine camera. Fisher poured Wood's metal at 250 ¢ 
ld 


as 








faced with transparent lucite and photo 







phed the flowing metal through the lucite with a 
His work dealt with the flow cha 


ine Camera. 






4 


s produced by various designs of gates and 






rates of pouring. 








experiments molten steel at 3000 F was 
means of various gating systems into open 
ities. From directly over the mold 16-mm 







KO ag } 


the flow and appearance of the metal. Studies 


© motion pictures at 64 frames per second 












le of top pouring, whirl gates, riser gates, 






es, horn gates, step gates and bottom side 
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Fig. 1—Unattached sprues used for high-speed photo 


graphic studies of metal streams 
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[his was best observed and was of most interest in fin 
ger gating systems. When the combined area of the 
ingers entering the mold was twice that of the sprue 
area, a swirling turbulence occurred; when the areas 
were equal, a rolling turbulence was observed. Swirl 
ing turbulence was identified by a clockwise or counter- 
clockwise movement or even both on the surface of the 
metal in the mold. The axis of rotation was vertical 
and perpendicular to the plane of the fingers. This 
form of turbulence was produced by unequal feeding 
through the several fingers. Rolling turbulence was 
characterized by a uniform flow on the surface of the 
metal from one side to the opposite. Its axis of rota- 
tion was parallel to the plane of the fingers and to the 
runner. This type of turbulence was associated with 
approximately equal feeding from each of the fingers. 

In order to examine the effects of variations in reser 
voir level and in slag elimination with open sprue cups, 
some comparative runs were made with plugged sprue 
cups. The appearance of the stream emerging from a 
sprue without a runner was photographed. The mold 





Fig. 2A—Top pouring and Fig. 2B—Top pouring, water 
and dye 
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CATES 





Fig. 3—Whirl gates 


arrangement used for these studies is shown in Fig 
The stream from an open cup when photographed at 
1000 frames per second and projected at 24 frames 
appeared very turbulent for some time after pouring 
started, but later became steadier and streamlined 
Ihe flow from a plugged sprue cup at high speed 
photography appeared to be streamlined during the 
entire pouring time, although there was frequent var 
ation in cross-section of the stream. A plugged sprue 
cup appeared to increase the constancy of metal flow 
when compared with open cup behavior. 

The results observed with the different methods o! 
pouring and different types of gating systems are de 
scribed below. 


Top Pouring 


Although direct pouring of molten metal into the 
top of a mold, as shown in Fig. 2A, is not common) 
used in the foundry industry, steel ingots are cast by 
this method. Severe spattering occurred immediately 
and continued through the pouring cycle. ‘ nsider 
able turbulence was noted. A water-in-gla mode! 
Fig. 2B, showed that even when the model was near’) 
full, approximately two-thirds of the liquid was 4 
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WHIRL CATES tated by the 


also been observed by Northcott * and other investi 


entering stream. This phenomenon has 


vators. 


Whirl Gating 
° 
i180 \ whirl gate receives its name from the rotation 


which it imparts to the liquid metal in it. Se paration 


Whirl of slag from metal by centrifugal force is an intended 


Pouring Temp. — 3000° F. FINCER CATES 








Finger 
Angle -90° 


rea Ratio, 


Fingers—Sprue—1l—1 








Fig. 6—Finger gates 


objective. In the two variations of whirl gates studied, 
the runner and ingate always had the same cross-sec- 
tional area and were in the same plane, but the angle 
of the runner was varied with respect to that of the 
ingate. 

In the first variation, Figs. 3A and 3B, the ingate was 
at an angle of 90 deg. to the runner. The metal ran 


Fig. 5 (Left)}—Riser gates 
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Fig. 7—Finger gates open mold 


through the gate into the casting before the bottom of 
the vate Was completely covered, and so.ne slag entered 
the mold. Later, when the whirl became fully de 
veloped, slag appeared to be completely separated 
In the second variation of this gate, Figs. 4A and 4B, 
the ingate was at an angle of 180 deg. to the runner 
\gain, metal entered the mold before the bottom olf 
the gate was completely covered and in this Stage some 
slag escaped into the mold. Swirls indicating turbulence 
were apparent on the molten steel in the mold with 


both designs of gate 


Riser Gating 
\ riser 


a larger ingate, allowing it to function as a riser when 


eate differs trom a swirl gate only in having 
pouring stops. Figures 5A and 5B show a horizontal 
mold with a riser gate. This gate delivered metal at 
lower velocity than the whirl gates, but turbulence was 
still present in the casting. An interesting phenomena 
noticed with this system consisted of frequent changes 
in light intensity on the metal’s surface during and 


lig. 8 (Right)—Finger gates 
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these “flashes” is 


The 


sent, but they will be referred to again i 


cause ol 


her gating systems 


Finger Gating 


pencil gates, are employed to distribute 


mold in a horizontal plane over a tare 

nber of fingers, their positions relative 

ind the 
d. Arrangements olf 
which the total finger ar€a was twice 
irea were studied first. Most of the 
6A and 6B, entered the 
farthest from the sprue. 


angle entering the mold wer 


four finger eates ol 
that 
molten 
casting through 
This continued 
id became full as shown by the 


of the 


Opposing 
surtace steel 


observation of the movement of the steel 
the cope of the mold was removed, Figs 


When 


the nearest gate openings to the ends ol 


pouring first started, the metal 


\fter sufficient metal had entered to caus« 
{ metal at each end of the runner, the outet 
in to teed Flow continued primarily 
e outer fingers as long as constant pressure 
tained in the system by continued pouring 
and throughout this investiga 


served here, 


a flow pattern was established in a gat 


s 


TICE 


it was difficult to change it. 


FINCER 


«P 
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ee a 


Angle.— 30° 


\rea Ratlo, 


¢ 


Fingers—Sprue—1—1 


Fig. 9—Finger gates 


not 


) 
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FINCER 


Finger 
Angle ~90° 


Area Ratio, 


Fingers—Sprue-1I —1 


The 


centel 


location of the sprue was next changed tron 


to end of the series of four fingers. Figures 8A 
through 8D, with no change in the area ratio and finger 


The 


shown in Fig 


second finger trom the first, as 
8B, but 
mold through the finger farthest from the sprue, Figs 
8C and 8D 


the side of the mold opposite the spruc 


angle. sprue fed 


most of the metal entered the 


Swirling turbulence became apparent in 
This dis 

turbance lessened as the mold filled and back flow from 

fingers became more uniform. 

With a change in the angle, between the fingers and 

or 150 deg. to the direction of flow 

of metal in the runner, as in Figs. 9A and 9B, the 


fed first 


the casting to 30 deg., 
hinge 
farthest from the spruc 
The effect of reducing the total finger area to equal 


Although the 


initial flow began from the fingers farthest from the 


that of the sprue was next investigated 


sprue (Fig. 10B) flow from all the fingers soon became 
more uniform. A rolling type of turbulence replaced 
the swirling kind of turbulence noted previously with 
the larger finger to sprue ratio. When the location of 
the sprue was shifted from the center to the end of th 
runner, molten steel entered first through the fingers 
nearest the sprue, Fig. 11B, but shortly thereafter flow 
from all fingers became relatively uniform and rolling 
When 


finger angle to mold of 30 deg. was made flow began at 


turbulence occurred. an additional change of 


about the same time through all four fingers with the 
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Fig. 11—Finger gates 








Fig ]? Normal horn gate model 








Fig 13 (Right) Horn gates normal 
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carrying the greater quantity of metal 
of flow became fairly uniform at a later 


stigation of finger gating indicated that 
ymbined finger area was greater than that 

feeding was not uniform and swirling 
vas the result. When, however, the com 
area equaled that of the sprue, feeding 
y uniform but was accompanied by a roll- 


rice 


Horn Gating 
es are designed for use on castings which 
ated on the edge or where it is not con 
sable to pour metal down through a gate 
\ normal horn gate is smaller in cross 


e casting than at the down gate and a re 
gate IS tapered in the opposite direction 
ormal horn gate produced a fountain-like 
ere rocking of the metal in the mold. The 
this initial fountain-like jet was more ap 
, water-in-glass model. Dye introduced into 

stream when the model was nearly filled 
showed that the incoming liquid continued 


Ke a jet through the water in the model 


The effect of placing three normal horn gates in a 


Reversed Horn 


t 


the sprue located on one end is shown in 


\ through 15D. With this design metal en- 


CA} ~ « 
cate 


HORN 


pan=6.5 in. 


tlameters, 
ia a Su 
Th ot 


)prue 





- lin. 








Fig. 14—Horn gates—reversed 


tered initially through the horn next to the sprue (Fig 
13B) but later most of it entered through the horn 
farthest from the sprue (Fig. 13¢ After the mold was 
partially filled, the middle horn began to feed as seen 
in Fig. 13D 

Reversed horn gates are commonly believed to pass 


With a single reversed 


metal with little turbulence 
horn a jet of molten steel again was produced but its 
height was slightly less than that produced by the no 
When three reversed horn yates were 
used in a row with the sprue on one end (Figs. 14A and 


14B) the horn farthest from the sprue fed first and 


mal horn gate. 


continued to deliver most of the metal as shown by the 
disturbance on the surface. Turbulence at the center 
of the partially filled mold indicated that the middl 
When the 
sprue was placed in the center of four reversed horn 
gates, as in Figs. 15A and 15B, the horns farthest from 


the sprue did all the feeding as shown by the surfac 


horn did feed to some extent at this stage 


Step Gating 
The purpose of a step gate ts to produce a steady 
temperature gradient from the bottom of the casting 
to its riser without the spattering characteristic of top 
pouring. As the metal level in the casting reaches each 
succeeding higher step, this step should begin and the 
lowe! steps stop feeding 


lo \ was 


The first step-gate system studied (Fig 





eo 


Cate 


HORN 
Reversed Horn 


Span—6.5 in. 


Diameters, 
large —1in. 
smali=- tin, 


Pprue =— iin. 


Horn gates , é sed 


Fig. 15 





496 





‘ae eS . 
eh ea dt S| 


CATES 
Step Cate 


Step Angle 
from Hor. -30° 


Distance, 
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Fig. 16 Step gates 
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BOTTOM SIDE CAT: 


Pouring Temp. 


Fig. 17—Bottom side gate 


an offset gate in which 


steps was 9 in. and each sprue was offset 


the vertical distanc 


1 


zontally. 
from the horizontal. 


fed init 


The steps were inclined upward 


ially but before the metal reached the 








step, the top step began to feed and the bulk 


metal entered through the top step. 
The next system studied 


(Fig. 16B) was 


step gate with no change in distance betw 


and inclination from the previous example 


design the metal entered the mold only th 


bottom step. As the metal in the mold 


re 


middle and upper steps, it ran back into the 


tem instead of out into the mold. 
The 


steps only 6 in. 


next system 


apart. The metal 


\\ 


(Fig. 16C) had three h 


entered 


) 


through the lower step but a small quantity did 


through the upper ones before the level of | 


actually reached them. When the level 


the mold finally reached the upper steps, | 


ol 


back into them as in the previous system. \ 
lowest step, as in Fig. 16D, inclined upward 
from the horizontal, the metal first entered 
through this step, and as pouring continued t! 


step fed when the metal level reached it. 


Th 


only step gating system that showed an u 


feeding in the desired sequence. 


With this gate, the botto1 


( 





1; 








lid not 
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Bottom Side Gate 


ym side gating system, shown in Figs. 17.A 
losed mold cavity was placed before the 
ase the velocity of the metal. Metal en 


id more evenly through this system than 


other studied. Light flashes on the sw 
etal were similar to those that were ob 


riser gate system. 


Conclusions 


riments showed that many gating systems 


ction as commonly supposed. 
ser and horn gates were ineffective in pre 


ilence in the mold. In multiple finge 


gating systems, often most of the feeding was accom 
plished by the fingers farthest from the sprue. When 
all the fingers did feed untformly, a rolling type of 
turbulence appeared in the mold. With step gates 


only one design showed feeding in the desired s 


quence No gating system prevented turbulence 
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EFFECT OF TITANIUM ON GRAIN SIZE 
PROPERTIES OF AN ALUMINUM-14.5 
COPPER (NO. 195) CASTING ALLOY* 


By 


W. E. Sicha** and R. C. Boehm 


ABSTRACT 


The effects of titanium additions of 0.05, 0.10, 0.20 and 0.40 
per cent on the grain size and tensile properties of an aluminum. 
4.5 per cent copper (No. 195) casting alloy were determined. 

It was found that, with closely controlled melting and pour- 
ing practices, there was an optimum titanium addition which 
would produce a very fine grain at any given pouring tempera- 
ture. Larger titanium additions had little further effect on the 
grain size. The quantity of titanium required to produce this 
fine grain increased as the pouring temperature was raised. The 
control of the grain size effected by the 0.05 through 0.20 per 
cent titanium additions was diminished by remelting. The alloy 
with the highest titanium content in this range exhibited the 
grain refining effect of the titanium for the largest number of 
remelts. There was no loss in the grain refining effect from the 
0.40 per cent titanium addition with remelting. 

The grain refining effect of the titanium was attributed to 
TiAl, particles which were reduced in size by the peritectic re- 
action which was not completed. These particles served as nuclei 
to start crystallization in the melt. 

Titanium additions to the aluminum-4.5 per cent copper 
‘No. 195) casting alloy affected the tensile properties in several 
ways. The grain refinement effected by the titanium addition 
markedly increased the tensile strength and elongation. This 
effect was opposed by the deleterious influence on the tensile 
properties of the undissolved TiAl, particles and the coarsening 
and concentration of the insoluble aAl-Fe-Si constituent at the 
grain boundaries. Increasing the titanium progressively retarded 
the artificial aging which decreased the tensile strength and in- 
creased the elongation. Increasing the melting temperature 
decreased the tensile properties. The tensile properties obtained 
were the resultants of these various effects 


Introduction 


It has been recognized for a long time that 
titanium serves as a grain refiner in aluminum-zinc, 
aluminum-zinc-magnesium and aluminum-copper al- 
loys. The binary aluminum-titanium constitutional 
diagram used in this investigation to explain the 
effects of titanium on the grain size and tensile prop- 
erties of an aluminum-4.5 per cent copper (No. 195) 
casting alloy is shown in Figs. 1 and 2.! Investigators 
have reported that TiAl, was the only intermediate 


* Abstracted from a thesis submitted to Case Institute of 
Technology by F. C. Boehm in partial fulfillment of the re 
quirements for the degree of Master of Science in Physical 
Metallurgy. 

** Aluminum Research Laboratories, Aluminum Company of 
America, Cleveland, Ohio 
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Fig. 1—System AI-Ti, aluminum end of equilthrum 


diagram. 
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Fig. 2—System AI-Ti, detail of aluminum end of ¢9 
librium diagram, showing the peritectic reaction 
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ung titanium found in the Al-Cu- Ti) or 
ternary systems. 
i vestigations have shown that 0.05 to 0.50 
a nium would produce fine grains in thin 
@ h sections of castings poured at relatively 
hich t ratures.(*56.7) “Titanium contents above 
0 r cent were found to be unnecessary be- 
vas no further refinement of the grain and 
titanium formed lamellar plates of TiAl], 
hich ¢ lower physical properties. At the present 
imum of 0.20 per cent titanium is speci- 
st commercial alloys to which titanium is 


vestigators reported that the reduction in 
produced by the titanium persisted after 
emeltin Others found that the grain refining 
fect of titanium was reduced in remelting but 
hat the grain refining effect would be restored by a 


iT 
wi diil 


cond 0.05 per cent addition of titanium.7%!®) In 
tances, where the grain refining effect was 
Jecreased, there was no loss of titanium and the 
cond addition increased the quantity of titanium in 
he alloy.° The best grain refinement was obtained 
hen the titanium was added in the ladle and when 
he melt was cast shortly after the titanium addition.‘ 
It has been suggested that TiA1, solidifying at high 
pmperatures (Figs. 1 and 2) served as nuclei to ini 
fate crystallization of the melt. A more recent in- 


pose ins 


pestigation has indicated that the peritectic reaction 


iquid Al +- TiAl, ®» Al (solid solution) which oc- 
irs at 665 C (1229 F) may be responsible for the 
in refinement but the exact mechanism has not yet 
been established.) Also, the reduction in the grain 
fining effect of the titanium by remelting has not 
en explained. 


Material and Procedure 


\s a preliminary step in studying the effect of 
jtanium, a heat of No. 195 aluminum casting alloy 
ith a low titanium content (0.009 per cent) was pre- 
ared. Titanium was introduced into melts of the 
ase alloy as an aluminum-5 per cent titanium rich 
loy. A high frequency induction furnace was used 
The power input to the induction fur- 
ace was adjusted so that each test melt was poured 
to 7 min. after a temperature of 1250 F had been 
pached 


The metal was 


br melting 


melted, titanium was added at 
1) F, the temperature increased to about the pour- 
hg temperature while fluxing for 3 min. with dry 
trogen. It was skimmed, and then poured 2 to 3 
in. after fluxing into green sand, two-bar standard 
505 in. diameter, test bar molds. The charge of the 
melted heats consisted of the gates and risers of the 
st bar castings plus the pigged metal. In all cases, 
© maximum melting temperature was the same as 
¢ pouring tem perature. 

No machining or finishing was performed on the 
Re section of the standard test bars used to obtain 
msile properties. The tensile properties of at least 
ur specimens were averaged for each condtion 
estigated 


The test bars were solution heat treated for 16 hr. 
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Taste 1—CHEMICAL COMPOSITIONS OF THE No. 195 
ALUMINUM CASTING ALLOYS 
¢ Ti : Analyzed Composition 
Number o Titanium Per Cent 
Remelting Addition, 
Operations PerCent Titanium Copper Iron Silicon 
Poured at 1320 F 
0.008 4.32 0.71 0.84 
0.005 4.42 6.65 0.76 
0.05 0.08 
0.05 0.06 
0.10 0.18 
0.10 0.12 
0.20 0.22 
0.20 0.20 , 
0.40 0.40 4.09 0.62 0.73 


The tensile properties and grain sizes obtained from the dupli 
cate test heats were averaged. 


Poured at 1450 F 


; 0.009 4.60 0.68 0.78 
l 0.006 ae : 
2 0.009 4.56 0.70 0.82 
3 0.015 4.56 0.74 0.83 
4 0.006 ans — 
5 0.006 442 0.66 0.77 
0.05 0.06 4.35 0.69 0.80 
l 0.05 0.06 4.48 0.74 0.82 
2 0.05 0.06 , 
3 0.05 0.07 4.34 0.68 0.80 
4 0.05 0.06 =e 
6 0.10 0.10 4.56 0.70 0.82 
l 0.10 0.12 4.35 0.74 0.84 
2 0.10 0.12 
3 0.10 0.14 
4 0.10 0.11 
Poured at 1450 F 
0.20 0.23 4.35 0.68 0.79 
l 0.20 0.20 4.32 0.71 081 
2 0.20 0.28 
3 0.20 6.23 
4 0.20 0.24 
5 0.20 0.28 
6 0.20 ).28 
7 0.20 0.24 3.91 0.67 0.76 
0.40 0.39° 4.56 0.67 0.83 
0.39** 
l gnReee 
1 0.40 0.41 
2 0.40 ).44 
3 0.40 9.39 
4 0.40 0.40 
5 0.40 0.44 
6 0.40 0.44 
7 0.40 0.45 3.87 0.63 0.72 
0.40 0.40 3.83 0.67 0.68 


Poured at 1500 F 


0.006 451 069 * 080 
0.05 0.06 
0.10 0.13 
0.20 0.20 +.25 v.73 0.82 


* Chemical sample cast from the first metal poured 
** Chemical sample cast after half the meta! was poured 


**® Chemical sample cast from the metal in che bottom of the 


crucible 





at 960 F, quenched in boiling water, and artificially 
aged for 5 hr. at 310 F. Artificial aging was started 
$ hr. after quenching had been completed 
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Grain size determinations were made on longitud Fig. 7—Effect of remelting on the grain size of No, 195 
sections adjacent to the fracture which were pol aluminum casting alloy test bars poured at 1450 1 


shed and etched. Four readings were averaged to 
Bbtain the grain size of each test section measured. 

F lhe samples for chemical analyses were milled from 
in. thick chill cast slabs which were poured from 


ach melt. Ihe analyses are listed in Table 1. 


Results and Discussion 


RAIN SIZE 


[he grain size of the No. 195 aluminum casting 
Hloy was influenced by several variables. ‘These fac 
bis will be discussed individually, 

Effect of Titanium on the Grain Size. The effect of 
tanium on the grain size of No. 195 aluminum cast 
bg alloy is illustrated by photomacrographs in Figs. 
and 4 and is shown graphically in Figs. 5 and 6. 
he test bars poured at 1320 F from a melt of the 
ase (low titanium) alloy would be considered com 
ercially fine grained. However, the addition of 0.05 
r cent titanium effected a marked reduction in the 

4 the grains. Additions of 0.10 through 0.40 per 


nt of titanium produced grain sizes only slightly 
aller than the 0.05 per cent titanium addition. 

It was necessarv to add 0.20 per cent titanium to 
plain grain sizes of the same order in test bars 
bured at 1450 F as that of those produced at 1320 F 
th 0 per cent titanium. It was apparent that, 
th the closely controlled melting practice employed 


this Investigation, a definite quantity of titanium 
as required to produce a very fine grain at each 


solution heat treated and artificially aged 


pouring temperature. Increasing the ttanium above 
this amount had little further effect on grain size. 
Effect of Remelting on the Grain Size. The addi 
tion of titanium to the base alloy melts produced fine 
equiaxed grains. When columnar grains were ob 
tained by remelting, it was considered that the tita 
nium was only partially affecting the grain size. This 
classification was followed even though the columnar 
grains were smaller than the large, equiaxed grains. 
Ihe effect of remelting on the grain refinement 
obtained from titanium in test bars poured at 1450 F 
is illustrated graphically in Fig. 7. In this graph, the 
sizes of only the equiaxed grains are plotted. ‘Thes¢ 
curves showed that the grain refining effect of 0.05 
per cent titanium addition was lost after one remelt 
ing operation. While the grain size of the alloy in 
which 0.10 per cent titanium was introduced increased 
on the first remelting, the alloy would be considered 
commercially fine grained. The grains of the test bars 


The fine 
equiaxed grains of the alloy with the added 0.20 per 


poured from the second remelt were large. 


cent titanium increased slightly and progressively with 
remelting, through the fourth remelt. Columnar 
grains were noted in the test bars poured from remelts 
5 through 7. Therefore, the 0.20 per cent titanium 
only partially affected the grain size of the alloy after 


the fourth remelt. The grain size after eight remelts 
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Fig. 8—Effect of titanium on the mechanical proper- 

ties of No. 195 aluminum casting alloy test bars 

poured at varied temperatures, solution heat treated 
and artificially aged. 


of the alloy which contained 0.40 per cent titanium 
was the same as that obtained from the first melt of 
the alloy. Consequently, remelting had no effect 
on the grain size of this alloy. 

No noticeable decrease in the titanium of the alloys 
by remelting could be detected by chemical analyses. 
This eliminated the possibility of the loss in the grain 
refinement being caused by an actual reduction in the 
titanium content. 

The Phase TiAl, as the Grain Refiner. Titanium 
in amounts of 0.19 per cent or less in aluminum 
alloys would be in solution in liquid or solid alumi- 
num under equilibrium conditions (Figs. 1 and 2). 
Some titanium would be in the form of TiAl], crystals 
in the liquid alloys containing from 0.19 through 0.28 
per cent titanium, but the TiAI, crystals would dis- 
solve in solid aluminum at the peritectic temperature. 
Crystals of TiAl, would exist in both liquid and solid 
aluminum in alloys containing more than about 0.28 
per cent titanium. It is apparent that under equi- 
librium conditions, TiAl, particles cannot be present 
in liquid alloys containing about 0.19 per cent tita- 
nium or less and, therefore, could not serve as nuclei 
to initiate crystallization. Since the TiAl, crystals in 
molten alloys containing from 0.19 through 0.28 per 
cent titanium under equilibrium conditions would 
react at the peritectic temperature to form aluminum 
solid solution and liquid, there would be no TiAl, 
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crystals present to perform the function of initiaumg;. 
crystallization in the remaining melt. ey 
In practice, however, non-equilibrium condivowi ). 1) 
generally prevail. In this investigation, the titaniumM,.14 },. 
was introduced into the No. 195 alloys as an alumi. |... 
num-5 per cent titanium rich. Most of the titanium... pr 
in the rich alloy would be in the form of large TIAL, .. of , 
crystals. As a result, TiAl, crystals would be into@ 24 q: 
duced into the test melts by any titanium additiongy. o¢ 
As the localized concentration of the titanium from. p, 
the rich alloy addition would be reduced by distribu +h re 
tion of the TiAl, crystals throughout the melts, some}, 21), 
of the crystals in the No. 195 alloys containing Uhiinm ‘T; 
nium would start to dissolve in the molten alloy. Tad solid 
extent of the solution would depend on the quanti, opain 
of titanium added, the temperature of the melt, dM, +p, 
the time interval between the titanium addition Moy 6, 
the pour. Molten alloys containing more than abou, thar o} 
0.19 per cent titanium would retain some TiAl, «7 
tals regardless of the time interval between the t@ 
nium addition and the pour. The T. 
If it were assumed that TiAl, particles served # . a 


nuclei to initiate crystallization of the melt, titania % in : 
additions of 0.05 through about 0.19 per cent to a unite 
No. 195 aluminum alloy could effect grain refinemet! ¢ of 
only under non-equilibrium conditions. The alloy toy 
would have to be poured before the major portion ® — 


the TiAl, crystals from the rich had dissolved * 
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yy. If the titanium were added in small 
as 0.05 per cent or less, the localized 
of the TiAl, crystals in the zone of the 
per cent titanium alloy rich in the melt 
luced below about 0.19 per cent titanium 
wever, the TiAl, crystals would dissolve 
molten alloy because of the high melting 
1355 C (2471 F), of the crystals. Increas- 
tity of the alloy rich addition would in- 
ocalized concentration of the titanium. 
yvorld then be required to distribute and 
riAl, crystals in the melt. Some TiAl, 
d be present in No. 195 aluminum casting 
joys that are poured immediately after the titanium 
dditior urdless of the titanium content. 


TJ 


a 


> 


To 


males 


Solubility of Titanium 


rhe solubility of the titanium in the liquid alloys 
ncreases with the melting temperature. Increasing 
he temperature would also cause greater movement 
distribution of the TiAl, crystals in the melt. 





Pe 


These factors would reduce the number of TiAls 
particles remaining in the melts at the time of pour 
nd would result in a coarsening of the grain in alloys 
ontaining less than about 0.19 per cent titanium. 
This is in agreement with the experimental data. 
0.40 hus the grain size of the test bars of the alloys con- 


haining 0.05 through 0.20 per cent titanium increased 
as the pouring temperature was raised. 

In melts containing from 0.19 through 0.28 per cent 
janium, some of the TiAls crystals which existed in 
1 liquid would dissolve. On remelting these alloys, 
rrystals of TiAl, would again be formed. If the forma- 
jon of these crystals requires long time periods at the 

melting temperature of the alloy, a reduction in the 
humber of TiAis crystals and therefore a loss in the 
ain refining effect of the titanium with remelting 
ould be expected. However, since some TiAl, crys- 
als will be formed in the molten alloy, the titanium 
uld be expected to partially affect the grain size. 
his was confirmed by the experimental data.. There 
fas a progressive increase in the grain size of the test 
ars of the first four remelts of the alloy which con- 
ained 0.20 per cent titanium. After the fourth remelt, 
bme of the grains were columnar. Therefore, tita- 
jum had a partial effect on the grain size after the 
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_— burth remelting. 

— In alloys containing more than 0.28 per cent tita- 

The um, TiAl, particles would exist in both the liquid 
~ gnd solid states. Therefore, there should be no loss 

a h grain refinement by remelting. In this investiga- 

a me, the grain size after the eighth remelting of the 

oy containing 0.40 per cent titanium was as fine 

abou that obtained in the intial melt. 

crt 

in TiAI, Crystal Form 


ed fm The TiAl, crystals observed in the microstructure 
niunggeeTe in the form of large lamellar plates. These were 
o tee’ uniformly distributed but occurred in small 
meni CUPS of crystals. It is difficult to understand how 
allonmecse large crystals could serve as nuclei to initiate 
on off Stallization throughout the melt. Further, a grain 
ed if finement was obtained in the base No. 195 alumi- 
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num casting alloy by the addition of 0.05 and 0.10 per 
cent titanium but no TiAl, crystals were seen in the 
microstructure. It can be deduced, therefore, that the 
grain refinement was produced in these alloys by 
ViAls particles of submicroscopic dimensions. Such 
particles could serve as nuclei to initiate crystallization. 

The grain refinement caused by titanium has been 
attributed to the peritectic reaction which occurs as 
follows: liquid Al + TiAls = Al (solid solution). 
Under non-equilibrium conditions which usually pre 
vail, TiAl, crystals would exist in the melts regardless 
of the titanium content. A portion of the TiAls crys- 
tals will undergo the peritectic reaction. However, 
the cooling rate of alloys under normal casting condi 
tions would be such that the peritectic reaction would 
not be completed. Therefore, these TiAl, crystals 
would no longer be in the form of the large lamellar 
plates but reduced to microscopic or sub-microscopic 
dimensions. In this reduced size, the TiAls particles 
would produce grain refinement in the alloy. It would 
appear that the grain refinement effected by titanium 
additions to No. 195 aluminum casting alloys can 
be attributed to TiAl, particles that are appreciably 
reduced in size by the peritectic reaction. 


Tensile Properties 


Ihe tensile properties were influenced by several 
factors which will be discussed individually. 

Effect of Titanium on the Tensile Properties. The 
effects of titanium on the tensile properties of No. 195 
aluminum casting alloy are presented in Figs. 8 and 9. 
In test specimens cast at 1320 F, increasing the tita 
nium content reduced the tensile strength, yield 
strength and hardness but increased the elongation. 
The base No. 195 aluminum alloy was inherently fine 
grained at the pouring temperature of 1320 F. The 
decreased tensile properties with increasing titanium 
obtained at this pouring temperature can be attrib- 
uted to more undissolved TiAl, particles in the melts, 
a concentration of the insoluble aAl-Fe-Si constituent 
in the grain boundaries and a slower rate of artificial 
aging. The slower rate of artificial aging with increas- 
ing titanium would also explain the reduced yield 
strength and increased elongation 

The grain sizes of the base No. 195 alloys poured 
at 1450 F and 1500 F were large. The 0.05 per cent 
titanium addition effected a marked grain refinement 
which was reflected by substantial increases in tensile 
strength and elongation. Additions of 0.10 and 0.20 
per cent titanium produced a further smaller reduc- 
tion in the grain size and small additional increases 
in tensile strength and elongation. The improvement 
in tensile properties caused by the grain refinement 
obtained by increasing titanium to 0.20 per cent, at 
the pouring temperatures of 1450 F and 1500 F, were 
opposed or supplemented by the other factors in- 
fluencing the properties of the alloys poured at 1320 F. 
In the range of 0.20 to 0.40 per cent titanium, there 
was no apparent change in the grain size of the No. 
195 alloys poured at 1450 F. The tensile property 
curves of the alloys containing 0.20 to 0.40 per cent 
titanium which were poured at 1450 F were approx- 
imately parallel to the curves obtained from alloys of 
similar titanium contents that were poured at 1320 F. 
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Fig. 10—Effect of pouring temperature on the mechan 
ical properties of No. 195 aluminum casting alloy test 
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Fig. 12—Precipitation hardening curves for No, 195 
aluminum casting alloy test bars with varied titanium 


contents, poured at 1450 F, solution heat 
artificially aged. 
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tres of No. 195 aluminum casting alloy test bars with 





varied titanium contents, poured at 1450 F, solution 
heat treated and artificially aged 
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Fig. 14—Effect of remelting on the mechanical prope 

ties of No. 195 aluminum casting alloy test bars, with 

varied titanium contents, poured at 1450 F, solution 
heat treated and artificially aged. 
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Fig. 15—Effect of grain size on the mechanical prope 
ties of No. 195 aluminum casting alloy test bars with 
varied titanium contents, solution heat treated and 
artificially aged. Coarser £rain sizes were obtained by 
increasing the pouring temperature. 


Effect of Pouring the Tensile 
Properties. Figures 10 and 11 show the effect of the 
pouring temperature on the tensile properties of the 
No. 195 alloys. Increasing the pouring temperature 
substantially reduced the tensile properties even 
though there was no detectable change in grain size. 
Generally, coarse dendritic structures are associated 
with high pouring temperatures. In an individual 
cast grain the dendrite arms are outlined by undis- 
solved or insoluble constituents and the cross section 
of the arms varies in size depending on the rate of 
solidification. Reduced tensile properties are obtained 
in fine grained alloys if the dendrite arm size is large 
and, therefore, this is the more important factor in 
determining the tensile properties. The marked re- 
duction in tensile properties obtained with increased 


Temperature on 


pouring temperature was attributed to this factor. 
Effect of Artificial Aging on the Hardness. Figure 
12 shows the precipitation hardening curves for No. 
195 alloys with varied titanium contents. The Brinell 
hardness values revealed that increased titanium pro- 
gressively retarded the artificial aging. Increasing the 
titanium in the range investigated may reduce the 
solubility of the copper in aluminum and therefore 
would reduce the hardness. A second explanation 


may be that the titanium retards the rate of precipi- 
tation of the CuAl, particles. 

Effect of Remelting on the Tensile Properties. Fol- 
lowing the same practice employed with the grain size 
curves, only the results of the test bars that had 
equiaxed grains are plotted in Figs. 13 and 14 which 
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Fig. 16—Effect of grain size on the mechanical p 
tres of No. 195 aluminum casting alloy test bays 
varied titanium contents, solution heat treated 
artificially aged. Coarser grain sizes were obtaine 
increasing the pourimg temperature 


show the effect of remelting on the tensile properte 
of the No. 195 alloy poured at 1450 F. The tensil 
values are related to the grain size variations. The 
was no appreciable change in the grain size with 
remelting of the base No. 195 alloy or of the allo 
containing 0.40 per cent titanium, and remelting ha 
little effect on the tensile properties of these alloy. 
The tensile properties of the alloys which contained 
0.05, 0.10 and 0.20 per cent titanium decreased with 
remelting and the grain size increased. 

Relationship of Grain Size and Tensile Prope 
Plotting the grain size against the tensile proper! 
as in Figs. 15 and 16 differentiates the deleterious 
effects of the undissolved TiAl, particles and the 
centration of the insoluble @Al-Fe-Si constitutents 
the grain boundaries from the beneficial grain ret 
ment. It was evident from these curves that by 
creasing the titanium content a progressive deci 
in the grain size was necessary so that the resu!! 
tensile properties would be of the same order. 

Effect of Titanium on Microstructure. figures 
through 20 show the microstructures of the No 
alloys with varied titanium contents which 
poured at 1450 F. As the titanium content was 
creased, the insoluble aAl-Fe-Si constituent coarsene 
slightly and concentrated at the grain boundane 
Metallographic examination revealed that the fracture 
usually followed the insoluble constituents. Hence." 
is logical to conclude that the coarser and 
tinuous this network, other factors the sam: 
the tensile properties. 
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esentative microstructure of 
containing titanium 
Particles of a 1/-Fe-Si 
ins. Keller's etch. Mag. 50X 


microstructure of No. J° 


0.006' / 


No. 195 


and 


microstructure of 
) 3906 
° c 


Representative 
alloy titanium 
1450 F. Several groups of TiAl 

e evident. Keller's etch. Mag. SOX. 

No. 


containing 
crystals 
195 


Representative microstructure of 


rystals of TiAl detected in the 
crostructure of the in the alloys con 
uning 0.05 or 0.10 per cent titanium. It is assumed, 


that the TiAl 


could not be 


base alloy or 


particles in these alloys 
A few large isolated 


submicros¢ opic size. 


ystals were observed in the alloy which con 
20 per cent titanium. Adjacent to the large 
ystals were groups of vary small particles 
ccurred in a dendrite-like pattern. It was be 
at these were particles of TiAl 
hrough the peritectic range were reduced in 
because of the rapid cooling rate did not 
vy dissolve in the alloy. Since these extremely 


which in 


comple 
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No 195 
and 


distributed 
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aluminum alloy containing 0.23 titanium and 
poured at 1450 F. Coarse TiAl, crystals appear in the 
center and groups of fine TiAl particles are evident 
Electrolytically polished. No etch. Mag 


250X. 


in matrix. 


1iAl 
it was logical to conclude that submicroscopic parti- 
PiAl 
minute particles .are probably present in the alloys 
had 


contained 


small particles ol were observed in this alloy, 


cles of would also be present. Therefore, these 


contents. In the alloy 
the 
but o¢ 


titanium 
0.40 
wert 


which lower 


which cent titanium, large 


riAl 


curred in groups. 


pe! 


crystals not evenly distributed 


Conclusions 


1. This investigation has indicated that the grain 
titanium to 
No. 195 aluminum alloy was effected by particles of 


refinement obtained by the addition of 
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LiAl, which were reduced in size in passing through 
the peritectic range. I hese minute part les served as 
nuclei to initiate crystallization throughout the melt. 

2. Ihe grain refinement produced by the 0.05, 0.10 
and 0.20 per cent titanium additions was dependent 
on the pouring temperature, holding time after the 
titanium addition, and the number of times the alloy 
was remelted. ‘These factors did not influence the 
grain refinement produced by the 0.40 per cent tita 
nium addition. 

3. There was no detectable loss in the titanium 
contents of the alloys with remelting. 

4. The tensile properties obtained with variations 
in titanium were the resultant of four factors: (a) 
the beneficial effect of the grain refinement, (b) the 
deleterious influence of the undissolved TiAl, parti 
cles, (c) the undesirable slight coarsening and con 
centration of the insoluble aAl-Fe-Si constituent at the 
grain boundaries, and (d) the effect of the retarded 
artificial aging which was proportional to the quantity 
of titanium added. 
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DISCUSSION 

Chairman: Hiram Brown, Solar Aircraft Co., Des Moines, 
Iowa 

Co-Chairman: H. R. YOuNGKRANTZ, Apex Smelting Co., 
Chicage 

Water Bonsack (Written Discussion):* Congratulations 
to the authors for a fine piece of research work. The effect 
of grain refiners is a very interesting subject and the authors 
have systematically confirmed previous experiences. It is 
interesting to note that our observation of the loss of grain 


1 Apex Smelting Co., Cleveland 





Errecr OF TITANIUM ON AN ALUN) 


refining by repeated remelting has been cont 
no loss of titanium could be found by analysis 
increasing titanium additions reduction in tensi] 
curs and that slower rate of artificial aging 
strength, and increased elongation is obtained 
the lower the titanium addition the sooner the Mk 
etfect is lost on remelting 
So far the authors stated facts: from here on 
try to prove a theory of grain refining which 
very much to be correct because it is suc h a be 
explanation. However from some of the facts stat 
our own observations and studies the explanat 
refinement is not quite as simple. Now I am no 
argue to the pro or con of the mechanism of ¢ ; 
but since the authors opened up an old controvers 
I am forced by our studies to be on the other side. | y ros 
like to try and show my analysis. nt 
\t first, it may be quite correct to apply the « 
conditions of the binary Aluminum-Titanium S\ 
quarternary system of Aluminum-Copper-Iron-Si! 
thermore, in casting, as pointed out by the authors, ¢ 
brium conditions are seldom obtained and especial! 
reactions can be very slow and more so when tl! 


perit 


temperature range is only 5 C. In the micrographs presen; 
peritectic reaction can not be seen on the Aluminum-Tita; a i 
needles. We have never observed it in a Casting conta ste 
titanium. The fine TiAl, particles found in the matrix ip Fy 
20 are still of relatively large size since the magnificati 
only 250 times, and for nucleation the size should be of nu 
or at least of molecular dimension, in other words, invisil 
250 diameters. 

The other theory to which I am more and more fore: 
lean is that the effect of grain refining is caused by 
metallic matter which is carried in by the titanium hard 
or grain refiner and is present in the form of a mist or c! 
This may be a reaction product between aluminum and Ti 
and aluminate or a titanate. This mist or cloud floats hig 
dispersed throughout the melt. This cloud prevents the 
mation of crystals during the solidification range. Gwyer time at 


Phillips * in 1926 referred to such crystallization interferer dito 
as similar to the action of a colloid in manufacture of crease 
cream. Without the addition of such colloids, ice cream » ASE 
be coarse grained and watery: with a colloid, fine gra idded tl 
creamy and smooth. point wl 
Now then, for arguments sake let us suppose that in alu -) per 
num this colloid is the cloud of titanate or aluminate. T! tent, ane 
cloud matter is not soluble in the aluminum and is pus! ible to 
ahead of the growing crystal until a skin is formed held the 
enough to prevent further grain growth. It will prevent t! We as: 
growth of large grain of the main constituent by forn TiAl, ple 
envelopes around the grain. The more cloud matter availa to get f 
the sooner envelopes are formed and grain growth stopped remelted 
These envelopes will in turn prevent constituents of grat pure alu 
boundaries to go into solid solution during solidificatior per cent 
heat treatment. The more cloud matter the greater the techniqu 
hinement 


ference in solid solution. Therefore the more titaniun 

lower the tensile strength, hardness (Brinell) and yield strenst! 

due to lack of dissolved copper, etc., the higher the eclongat 

due to the annealing effect of an unsatisfied solid solut 

During aging less copper is available for precipitatior the conc 
To provide further proof of the plausibility for the W.E 

theorv: A fine grained alloy containing 4 per cent coppe! 

per cent silicon and 0.12 per cent titanium was remelted ! - 

times. The metal was heated to 1500 F and agitated for edera 

: ° aS \ y, N 

minutes with a gentle stream of N,. The skim formed du 

remelting was drawn off and the metal poured into ingot 

The ingots were sectioned and the grain size was determi 

The grain size increased with each remelt considerably = 

finally became exceedingly coarse. The skim from each ! 

was analvzed by x-ray diffraction and it was four 

first skim contained among others K,TiO, and | 

the skim became freer of these compounds the allo 

coarser. These tests were repeated several times wit 


was that 
without 


titanium 





. . * : 134 
results. In all these tests the basic titanium analy did 
change within the possible analytical error or was practi 
constant. 
*“The Constitution and Structure of the Commercial A gg er 
he In 


Alloys”, A. G. C. Gwver and H. W. L. Phillips, The Journal 
of Metals (British, Vol. 36, No. 2, pp. 291-3 (1926). 
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Lt ipplicabilit f the bu Al-Ti constit 
connection with this investigat t 
riticisn However, the phas« d s 
substantially the same as in the ternar \l 

i [i systems at the aluminur end with respes 
ing titaniun This observation supports the 

equilibrium diagram tor 195 allov would c 

Al-] diagral is lar S tita j nta I 

concerned 
eve that the particles shown in the phot 

°50X% are the ones that initiate era refine 
ortant point is that since some TiAl, particles 

ed in ize, considerably smaller particies ol 

yrobably are also present 

ired at this time to discuss in detail the gra 
idvocated by Mr Bonsachk However the 
in the paper 1s adequately supported bv the 

STEIN: We ran some class 195 melts recently 
rain reliner as copper-titanium maste! alloy 
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uild indicate 
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as with 
t if it is 


it is governing the 


formed when 
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the 
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grain refinement, ther 
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a possible differentiation 


mast 


s added 
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what the authors have proposed in this paper 
I We 


m with regare 


ries of 
e done 
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400 F, 


various intervals, on which we 


have 


investigations, attempting 


he re 


up an 


refinement 


the same 
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had 


bee 


1 te 


n intrigi 


» grain refinement 


ied by this 


transitory 


Some vears 


to prove what 


Our method of attack was a little 
allov of 4 
cent titanium, and held it for a long period of 


I he n we 


increase 
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That, of course, 


we 


cOarst er 


rte 
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oxidized 
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nore, no 


per cent coppe wit! 


issumed we 


measured 


pouring small castings under controlled 


the de 


had none 


as we had before we 


the aluminum 
to about 


ium content 


matter how 


e had moved into a 


th this ne 
matter 
it at 140 


rain refinement 


but just 


~w allov we 


how many 
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to the 


copper con 


series of casts and were not 


one we 


new field 


continued 


times we 


0 F. We then added 
to the melt, diluted the titanium back to 0.17 
1in, and by reproducing the melting and holding 
were able to eliminate effectively ou 

What we were attempting to prove, of course 


by using 


grain re 


come 


and go 


the same 


nd changing its form in the melt, and we came to 


sion that TiAl 


1A 


was a very important factor 


This is a very interesting experiment because it 
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whict \“ rod M | 
d rams disclose pract no d t a 
I S Variat ul itt hat t! Al-] 

st witli spect t th tit ‘ +} 
elt terminus of tl eritect tal. | ‘ 
aence t ppears that tl dia 

Div repres¢ tative i ti ( ) x ) 
with titar I 1dditions 

It was mphed by Mr: Bons that ) ' ‘ 
does not occur in the alloy 195-titanium syste We bel 
there is ample evidence in the careful work of several invest 
vators on related tital im containing illOvVS to subs 
late our contention that a peritects transtormation takes place 
n this commercial allov svstem lhe tact that the solid sol 
nlity of titanium is higher than the solubility in liquid alu 
nul is very good evidence 

[he object in presenting Fig. 20 was to sho fine s ‘ 
as COarse | Al particles which indicates the excellent prob. 
bility of the presence ot considerably fine particies UNnTresSoLve 
at 250X, necessary for nucleation. Gra refinement imparte 
by 0.05 and 0.10 per cent Ti additions, which did not provide 
MAl, particles visible in the microstructure, also serves t 


demonstrate that the particles initiating crystallization are o 
subdmie roscopi¢ $iz¢ 

One fundamental concept of the cloud interference theory 
used by Mr. Bonsack to explain reported variations in tensile 
properties with different titanium contents is wholly com 
patible with this theory but in direct disagreement with ex 
perimental observations. If cloud envelopes exist they cer 
tainly should interfere with solution of copper during heat 
treatment. However, there was no undissolved CuAl, in the 
microstructures subsequent to solution heat treatment regard 
less of titanium content 

The experiments described by Mr. Bonsack demonstrat 
grain coarsening produced by remelting an Al-Cu-Si alloy 
containing 0.12 per cent Ti This effect of remelting is 
wholly consistent with the nucleation theory. Also, the potas 
sium titanate and titanium oxide detected in the skimmings 
probably were introduced with the titanium-bearing material 
employed in making the titanium addition. A finite quantity 
of this non-metallic material probably was introduced origin 
ally. The amount available to separate from the melt and 
accumulate in the skimmings in subsequent remelting opera 
tions would become progressively smalle1 This change of 
content of these oxides in the skimmings could be completely 
independent of association with grain size alteration resulting 
from remelting 

Perhaps the best support for the nucleation theory as an 
explanation for the effect of titanium as a grain refiner for 
aluminum alloys is the fact that all experimental data, with 
which the authors are familiar, in the paper as well as that 


published by other investigators, are in accord with = this 


theory 








PEARLITIC 
PLAIN 


Richard Schneidewind* 


IBSTRACI 


The authors have investigated the mechanical properties of 
ferritic and pearlitic malleable irons, plain and alloyed. Particu 
lar emphasis was placed upon the relationship between desigi 
strength and toughness as measured by the yield point and the 
elongation respectively. It that 
might vary widely but that with proper heat treatment the yield 


points bore a fixed relationship with elongation. This can be 


was found tris relationshit 


expressed mathematically by the equation 
} ? su log I b 


where Y is the yield point in 1000 psi, E is the per cent elonga 
tion, and b is a constant 

This constant equals 95 when the properties meet the 
A.S.T.M. or Army Ordnance specifications. The average value 


for the constant obtained in this investigation was 102 which 
means that when properly heat treated a pearlitic iron should 
have 7000 psi greater yield point than demanded by specifica- 
tion for any given elongation. 

Best results were obtained when the tempering temperature 
was kept low, about 1200 F., that the greatest amount 
of stress relief and spheroidization might take place with the 


in order 


Influence of Microstructure on Mechanical Properties 


[HE MECHANICAL PROPERTIES of pearlitic mal- 
leable irons are dependent upon the following vari- 
ables: 

(a) The amount, shape, and distribution of the 
temper carbon particles. 
The strength, ductility, and toughness of the 
ferrite, which in this case is alloyed with silicon 
and other elements. 
The amount, shape, and distribution of the 
carbides. 
These factors in turn are affected by the nature of the 
base metal and the manner in which the iron is heat 
treated. For example, when white iron is malleablized, 
the temper carbon pattern is established as a result of 
composition, soaking temperature, rate of heating, 
and other similar conditions. This pattern will not 
change materially upon any subsequent heat treatment 


(b) 


(c) 


* Dept. of Chemical and Metallury-cal Engineering, Uni- 
versity of Michigan, Ann Arbor, Mich. 

** Development and Research Div., International Nickel Co., 
New York City. 
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MALLEABLE IRONS, 
AND ALLOYED 


and D. J. Reese** 


minimum amount of second stage graphits ation / 
which 


yuenched determined the 


tures from the tron was originally eithe 


maximum strength obtat 
hieat treatment 
The of alloys coupled with proper 


possible the securing of 5000 to 10,000 psi 


use eal trea 
greater yield ¢ 
a given elongation than was possible with unalloyed 
constant in the above equation averaged 108 for a 


115. This 
noted in the case of fully annealed alloyed trons 


values as high as improveme) 


vith some 


{lthough oil-quenched trons showed higher max 
points than air-que nched trons, after proper heat treatr 
relationships between yield pot and per cent elonegati 


the same. Oiul-quenched irons of a given yield strengt! 


have lower tensile strengths than air-quenched; in other ; 
oil-quenched trons have a higher yield to tensile strength 
Where trons are alloyed to permit the production 


of pea 
malleable in a cycle designed io produce annealed malleabl: 

plain trons, care must be exercised to use the proper 

the proper amounts to the particular iron and cycle. TI 
is danger in stabilizing massive carbides with some a 

of producing primary graphite by inoculation with 


so that variable, (a), dealing with temper carbon ma) 
be considered fixed, once first stage graphitization 
completed. Primary graphite is, of course, harmfu 
and should not be present. 

The nature of the ferrite phase, whether free or part 
of the pearlite, is fixed by the composition except fo! 
possible dispersion hardening effects. Hence, item (b 
dealing with ferrite may be considered constant fo! 
any given iron. 

Item (c), dealing with carbides, is controllable b 
heat treatment. In pearlitic malleable irons, free mas 
sive or eutectic carbides have a harmful effect upo! 
ductility and toughness. If present in large quantities 
carbides of this type can also result in low strengt! 
as well. The degree of spheroidization of eutectoit 
carbides is a controlling factor in the properties © 
pearlitic irons. 


Heat Treatments 


Pearlitic types of malleable iron can be product 
by various heat treatments; treatments which hav 
been used commercially can be grouped as follow 

1. Arrested malleabilization; the iron may be # 
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P np AND D. |. REEs! ti] 
the soaking temperature alter first well discussed by Joseph.! The composition of the 
ation is completed or trom some lowe base irons Is given as tollows 
ibove the critical and then tempered ; 
Flement Per Cent 
malleabilization as above except that 
enched in oil usually from a temperature Carbon 9 359 75 
F and then is tempered Silicon 1.20—1.70 
ption treatments where completely an Manganes¢ 0.35—0.50 
; reheated to some temperatur¢ above the Sulphur 0.17 max 
rature 1n orde} to dissolve carbon into Phosphorus 0.10 max 
followed by air or oil quenching and ; 
It is believed that the largest share of the irons de 
t scribed contained carbon at the high end and silicon 
( alloying elements exhibit little or no 
at the low end of the ranges above 
produce primary graphite during solidi a 
; The white tron was soaked at 1700 F to complete 
ilso little or no decelerating action on ig 
hit first stage annealing and then air quenched. By tem 
first stage graphitization. They do have ‘ 
pering for a suitable length of time at 1250 F a wide 
markedly retarding effect on the rate of 
, variety of mechanical properties were obtained. Table 
sraphitization. If the quantity of the 
1 presents the properties of irons so treated recom 
nt is controlled, a given annealing cycle 
puted from the data. Figure | shows the relationship 
; desired amount of spheroidized carbides 
: os r— 
: 
\ se methods have in common holding th: 
temperature below the critical. ‘This part ‘4 
ment may accomplish the following ends 
- 
R f of quence hing stresses. P 
1) iposition of martensite if quenched pre 
I ‘ 7 ~2/ ¥ - 
« 
\ & © 
7 . < ~N 
Ss roidization of eutectoid carbides aa t/ . > 
D nposition of carbides to ferrite and temper & <a 
Ls <; we O 
4 - «x, Sy a > 
On r ee 
Surface decarburization C4, r. 
methods differ in significant respects. The 5 mw 4 aa 2 
combined carbon to be acted upon in the ‘ VY = 
sequent tempering treatment is controlled by the a an 4 6c 
rature from which the iron is cooled. The : 1 \ 5a 
, ' . . . 65 } - - +h ae d szu 
. g the temperature ot quenching or alr cooling, 5 A a 
, ie 
0 will be the amount of combined carbon; Fs y 1 > 
, ° ‘ : . . 60 + + 4 ~ 4 r 
also the austenite grain size will be greater at higher | 
Pa 
rt peratures A ‘ 2 
The rate of cooling determines the matrix; air cool J ’ 
ing generally produces a |pearlitic matrix, with more 4 iS ee Oe 4 | ~ 
ma\ Mr less free ferrite in the form of bulls-eyes. yy, 
on i lf completely annealed iron is reheated to above 6b hewdinegldniiiniinichiiediimaiends 
rmiu critical and air cooled, the distribution of the | 
rrite and pearlite is distinctly different than if air 405 — - 2a - 
wae : Boxset ss sse2ese8283328 
pall fooled after an arrested malleabilization. All these ewnmos Ss SF Stctett aga & y Nm 
t lor Bilifferences in microstructure are accompanied by dif.- BH MMO ee e983 92 8-8 922 8 24 
n b } h: : ° a 7 q 7 2 7 * 1 “a “ ~ - 
erences in mechanical properties. BAINEL. WARONESS LOAD 2000 AG 
it f 
Review of Published Data Fig. 1—Properties of pearlitic malleable tron 
le [he results of arrested malleabilization have been (C. F. Joseph) 
upDoIl 
tities TABLE 1—PROPERTIES OF PEARLITIC IRON (C. F. Joseph) 
eng 
— | Yield Tensile rs. Y.P. Y.P. 
es Point, Strength, Elongation, Hardness 
psi psi Per Cent Brinell B.HL B.H rs. b 
90,000 104,000 1.9 286 364 314 0.865 103.95 
83,000 97,000 2.7 255 180 325 0.856 104.60 
juced 71,000 88,000 4.0 220 400 322 0.808 101.10 
have 67,000 84,000 4.4 212 396 316 0.800 99.20 
61,000 79,000 5.3 196 402 311 0.774 97.20 
lows 53,000 72,000 6.3 179 402 296 0.736 93.00 
ye all 47,500 64,500 7.2 163 396 291 0.736 90.50 
54,000 8.4 136 397 302 0.760 87.20 


. 41,000 














112 


between the various physical properties as compared 
with the Brinell Hardness. ‘The microstructures of 
these irons consisted of temper carbon in a pr arlitic 
matrix. Where tempering had been carried out fot 
t hr or more at 1250 F, an increasing amount of te 
rite was produced in bulls-eye arrangement. After |? 
hr the matrix contained about 75 per cent ferrit 
Schneidewind and White? studied irons produced at 
three different foundries. The specified heat treat 
ments were carried on at a commercial heat treating 


establishment. “The compositions were as follows: 





Content, Per Cent 


Llement I I] II] 
Carbon 2 35 2 43 2 30 
Silicon 1.42 1.50 1.70 
Manganese 0.23 ().28 0.50 
Sulphur 0.06 0.03 0.05 
Phosphorus 0.05 0.032 0.05 





Phe low sulphurs were a result of electric furnace 
melting of selected scrap. Although the properties olf 
all three sets of iron would pass the present A.S. I .M. 
specifications, the irons from Foundry I were not as 
eood as those of the other two. 

A fourth set was prepared by Foundry III and 
contained 0.5 per cent molybdenum. 

The heat treatment consisted in heating at 1700 FI 
for 15 hr, dropping to 1525 F in 2 hr, and oil quench 
ing. Tempering was done at 1325 F for 2 and 4 In 
respectively, 

Table 2. Each 


is the average of six determinations. 


The properties are presented in 
value presented 

Forbes* studied the effect of manganese, an alloy 
which appreciably retards second stage graphitization. 
I he composition ol his irons were as follows: 





Klement Per Cent 
I hs ois covkta ie ghee adits 2.43 
Silicon ee re eee 1.03 
Manganese ................0.34—0.71—1.02 
Sulphur aaartes. & a.oihae ena ar 
oo reer rer .0.15 





The heat treatments, somewhat lengthy, were used 
to bring out the optimum properties. They were as 
follows: 

]. Heat to 1720 F in 20 hr 


lreat mf : 
2. Heat at 1720 F for 24 hr 
ment . : ’ 
A 3. Air cool to room temperature in 1.5 hn 
: t. Reheat at 1280 F for 30 hi 
l, 2,and 3asinA 
lreat ‘ : : 
t. Reheat at 1600 F for 20 hr 
ment fe ' 
B 5. Air cool 
» > . > 
6. Reheat at 1280 F for 30 hr 
1, 2,and 3 asin A 
lreat e ' a 
4. Reheat at 1500 F for 20 hr 
ment bs : 
C 5. Air cool 


6. Reheat at 1280 F for 30 hr 
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R s 
— |, 2, and 3 asin A 
. $. Reheat at 1400 F for 20 hn 
— 5. Air cool 
6. Reheat at 1280 F for 30 In 
Properties which resulted are presented 
For any one iron treated by treatment ( 
D, the properties differ trom that of ur 
the amount of combined carbon pres: pan 
tempering at 1280 F and in austenitic gra 
amination of the data will show that 1 
were relatively unimportant to the final res 
in later discussions the averaged valu 
manganese classification will be used. Lhe 
altered the stability of the carbides and 
quantity remaining after each heat treatm 
Experimental Work 
One of the present writers made thre 
tests for the purpose ol studying the effect of 
on irons which were given annealing treat ; 
normally used to produce fully annealed ma 
iron with unalloyed material. Three separat 
were prepared at one foundry where melting ; 
tions could be carefully controlled. Each hea, 
then annealed by three different foundries 
foundries collaborated in the three tests. 
Annealing Cycles 
Ihe annealing cycles used at three of th 
foundries were as follows. No data were submit 
by Foundry D regarding the heat treatment cycl 
Foundry A ' 
From room temperature to 1750 F in 6.3 to 7.2 
average rate of heating, 4.5 to 3.9 F per min 
Held at 1750 F for 10.5 to 12.0 hr. 
Cooled to 1325 F in 2.1 to 2.4 hr, average rat 
cooling was 3.4 to 3.0 F per min. 
Taste 2—PROPERTIES OF IRONS (Schneidewind 
and White) 
p< J T.S. Elongation, Y.P 
Foundry psi psi percent rs 
Plain Irons 4 
1700 F 1525 F oil quench 1325 
Il 60,300 76,510 6.5 0.793 
I 66,620 82,660 5.6 0.805 4 
I]! 60,180 79,230 5.9 0.760 i, : 
1700 F 1525 F oil quench 25 F (4 . 
II] 50,042 64,442 8.4 0.778 4 
| 52,730 68,842 6.7 0.767 4 
II! 47,225 63,150 6.5 0.749 p 
1700 F 1525 F oil quench I m 
I 63,917 85,550 3.75 0.74 ys 
1800 F 1525 F oil quench 132 y 
| 45,350 58,900 10.5 0.7 
0.5 percent Molybdenum Irons 2 
1700 F 1525 } oil quench . ‘ 
il 70,567 77,783 3.5 0.909 a 
1700 F 1525 F - oil quench F (4 
Ill 64,962 73,962 rh 0.878 
‘Irons from this foundry were not good: took longer ¢ — 


pinholes, rough surface, etc. 
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s 
1325 to 1290 F in 8.4 to 9.6 hr—averay: I nad B 
ng was 0.07 to 0.06 F per min From room temperature to 1550 1 6 hr, avera 
from room temperature to removal from rate of heating was 0.69 F per mu 
990 F was 27.5 to 31.2 m Held at 1550 F—55 In 
Cooled from 1550 to 1325 F in ay ite 
ot cooling was 0.16 1 per mul 
,—PROPERTIES OF IRONS (Forbes Cooled from 1325 to 1270 F in 20 vera it 
‘i . ot cooling was 0.040 pe min 
> 
rs Elong P. = 
Cooled trom 1270 to 1050 F in | ty vera il 
TS 
of cooling was 0.09 F per In 
4 Per ( Mano lotal time from room temperatt r\ 
, 6. é 0.69 9 furnace at 1050 F is 175 In 
Af aM) 0) () HF ; 
Y f 0) >] 1) ARé Os 4 Fe . = ( 
{ 8 930 0.0 (0.686 10 From room temperature to 1650 to 1700 F in 30h 
, >< 13.45 V.06 UI average rate of heating was 0.89 F per min 
0 Per (¢ Manganes Held at 1650 to 1700 F for 30 In 
$7( 69,290 6.5 0. 09.4 Cooled from 1650—1700 F to 1320 F in 18 hr, ave 
5U,50U Pos U.066 U0.¢ age rate of cooling was U 28 F, pet min 
4/ ‘ ) +. {() HS (j4_4 re = 
Cooled from 1320 F to 1250 F in 30 hr, average rat 
Al ‘ stM) ft) } hy t)} 
( 62 TRR 154645 0.694 O70 of cooling was 0.039 I per h 
> Per ( ities l otal time from room temperature to removal from 
{ 3 he 
* 9< GON 1() 0 K4R ng 4 furnace to 1250 F is 108 In 
) 87.150 13.0 0.693 6.0 2 
190 83.090 1.4 0.699 Properties 
, BI, LU soaaet U.68 - Lhe properties ol the irons and then com positions 
, R506 11.82 0.685 ) . 
are presented in Tables 4, 5, and 6. Foundry condi 
TABLE 4—PROPERTIES OF MALLEABLE IRONS 
Yi Co uth | Sr y Per ¢ I 
N M ( Si Mn S P ( D \ ( D \ ( D \ 
7.36 1.34 0.41 0.120 0.084 36260 37100 +5050 3740 $9400 100 0.0 0.0 i R4 
0.15 37220 38100 39000 6150 $4800 S6600 10 ) ) 
0.30 38500 9100 R700 7440 56100 $7200 0 ] 09 
IRRHO SYROO 34200 $4400 4700 S4800 1/70 lf 4.4 
39790 40000 40000 0520 $300 $6000 16.0 
34350 33600 33600 36900 
0 13990 24040 24050 16500 
0.15 39480 RB LOO 41600 $6440. SH300 $7400 0 0 20.3] 
0 O.15 39790 43400 472100 $7480 58000 58250 10 6.0 14.06 
0.15 41210 46200 $2000 49740 $7400 69250 1] 
2.0 O15 47370 29500 $6300 58420 29500 2000 } 0.0 
5 0.3 40740 43250 36600 $7480 §9000 60400 17.0 22.0 17.19 
0 0.3 45160 43000 39400 60950 48900 66800 ( 10 
4 0.3 37270 38500 S9ROO 38 500 $4700 
0) 0.3 , 17900 58200 50530 17900 59800 
43700 39500 34100 $7400 $5600 $6200 19.0 20.0 19 
43900 $3500 $1500 $7630 59000 64000 16 16 14.06 
44200 43250 $7500 56840 S6800 61250 13.5 14.0 12.50 
0.15 45000 40400 37800 SR580 56750 $6200 19 l 14.06 
. 0.15 43900 47200 49150 60630 61000 69100 0) 12 \ 
0.15 43900 43900 47200 58260 60400 68200 15.0 15.0 R] 
- 0.3 44050 42300 38800 59840 59500 61500 g0) I7.0 14.84 
0.3 44530 47700 45800 60320 63950 69900 15.5 16 9.37 
0.3 44220 47900 42400 62060 62600 65500 18.0 15.0 1O.1¢ 
5 43900 44950 39000 $3680 58000 59700 12.0 18.0 6 
0 45800 47500 50600 §3050 $5050 61456 0 0 7.34 
> G35 44530 44150 45650 57800 59400 62500 18 17.5 13.28 
0) 0.15 47370 52100 48200 59680 61700 62600 
0.3 47050 44800 48750 60000 61200 67350 15.0 15 $0 
0 O03 $0520 52500 46000 62100 
t 2.27 1.36 0.42 0.121 0.084 37900 39100 36900 $3370 $4400 $4700 18.5 17.5 21.09 
R 
‘ gauge 
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TABLE 5—PROPERTIES OF MALLEABLE IRONS 
iia 
y St g I Streng P 
Ba 
No ( N NI NI P ( B \ ( B \ 
Base 0) RAK QOOO 7400 S8740 56000 HOOK 
0. IROM $9500 40200 39700 59700 7500 
1.0 421 44700) 44600 63300 60000 60700 9 
l. 48000 $5400 47800 63480 62000 64300 %) 
2.0 2100 49800 AOD 62700 64700 WIT OK 
0) 0 4 0 47500 47000 64740 63700 71100 
4 { 0 100 51600 527006 69500 67700 64400 
2.0 0 AO) 52800 63600 69500 67900 74500 
/ 0 10 49 ,190O0) 7 (nM) 67400 AAO) IAD 
0 0 1.0 0) HOODOO S7TOWM 1000 ~ SRK 71600 699M) ) 
Det Bar 
LL 
ABLE 6—PROPERTIES OF MALLEABLE IRONS 
\ St v I St re, Per ( 
Set No. Ser N . S Ser N > SertN 
Bar 
N ( N NI ( NI S , \ B \ \ B \ \ 
Ba 2 ) 0.4 O.105 0 4 S000 6000 54000 5000 SAW ? 
O¢ 37100 40200 37100 HOOOO 55000 59000 
1.3? $2500 43800 49750 65850 58500 63500 ) 
( 1.9 40300 46100 51500 77900 60500 T4000 
? 0.69 0 45500 472600 $5000 67000 61000 64750 0 
1.3 0.40 46300 46300 44100 84500 64900 82000 70 
14 2.10 0.40 0 1.2; $6750 51000 51000 =110400 67500 110000 "7 
l¢ 0.79 44750 38000 41700 61500 56500 61150 x 
} 49950 42000 44300 76000 58600 67500 ] - 
x 1.9 $5000 42700 47600 65750 59000 66800 2 
2? 0 0.34 46000 43600 46250 66500 60200 64000 
23 1.30 0. 52500 44400 $3300 94750 61500 3350 74 
24 1.90 0.38 19 8 52500 45100 $2500 T8000 62800 75000 
95 0.74 0.68 96000 48600 54900 68000 61000 RO9IOO ( 
a, 1.5? 1.30 $3000 50200 55300 75000 63000 87300 4 
29 0.64 0.61 0.33 44350 47300 74700 71500 62600 66000 + 2 
te) 1.24 1.21 0.35 2.20 1.28 56500 51000 62600 100900 67500 105000 7 
TABLE 7—ALLOY ADDITIONS It was felt that more systematic study should 
’ made to determine the potentialities and the behay 
Pour No. Ni Cu Mo | eng . 
of these irons. For this reason a fourth heat 
poured and foundry data were recorded. 
2 0.5 ‘ ; 
10 The metal issued from the air furnace at bet 
; 1.5 2920 and 2960 F, the first reading having been mac 
; 0.5 0.5 with a “Pyro” and the second with an L. and \ 
6 1.0 1.0 ‘ ° ! ws ; 
: at a2 optical pyrometer. The molten metal was pou 
g 1.0 0.3 from the ladles into the molds at temperatures rang 
4 1.5 0.3 ing from 2810 to 2740 F. The entire tests involving 
10 0.5 0.. 0.3 the 18 different pours took 45 min. It was felt thea 
11 1.0 1.0 0.3 , ad 
+ as this speed would insure against differences in su} 
13 1.0 heat, composition and other foundry conditions * 
14 1.5 vee The basic composition of this metal was taken ® 
5 0.5 ).3 Q 
“y ~e the average of the analyses at 1:00 and 1:30 P.M 
6 A om] . 
17 1.5 03 follows: 





tions during the pouring of irons of the first test 
(Table 4) were not so well controlled as in the other 
two heats and the results naturally are of less value 
in this study. 


widened 2 per cent 
et - Cu deeas 1.38 per cent 
Be wcoceens 0.46 per cent 
Bi se ina ee age 0.136 per cent 
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was made several months later and \ rather high manganese content ais used at this tim 
aie vere poured. Foundry conditions were because of the deterioration of the cok quality and 
ove and the analysis for carbon and sill the resultant higher sulphur content of the iron. The 
ed imount ol inganes is used simp to co u 
sulphur 
Carbon Silicon Manganese [he compositions with respect to alloy additions a 
Per Cent Per Cent Per Cent shown in Tabl 
some specimens Of these trons we Lite 
2.32 1.59 ; 
rs : aia condition while the remainder w i ina i 
yf 1.38 O44 : 
ing treatment Dy Foundry A 
1 ABLE 8—PROPERTIES OF PLAIN IRON No. |] 
S \ 5 
} : 
— i I B.H B.H B.H 
\ p. OO } n) | 
SiN S410 MH) ‘ ; + 
sO) +0)4 
fin? SUISUN ; s + 
“ R350 0 ‘ +4 
} 647 2.5 $4 ) 
44 10K HSH00) +o + ly 4 
+4 ry tos 
4 (v RIOD) x iM) + + " } ) 
\y iM) wi} 
(x XY] {) 20 j " j 
27 AL) 8962 < ”) $44 ; 
250 RRSO0O | %”) x( hy4 4 
R350) 8 {90K y 04 ; x } 4 
4300 2K ‘) ) +4 4 Hs 06.4 
Annea 2 500 F, M) | 
OO 81600 4.2 9 ‘ 4+¢ ) 904 n4 
6&5 79450 0 ih 1) ) Re 0 
$475 69150 } 72 Re ys } 7® {) 4 
W heat 7 1700 F, t 500 F, held 2 00 I OO fF 
47400 61800 7 147 $22 22 0./6 } 
45800 62700 2.0 145 $3) lf 0 19.8 
White, heated 7 hr at 1700 F, furna ooled to 1500 F, held 2 hr, r it 1200 | 
64000 83200 4.0 190 438 } 0 0 14.0 
White, heated 17 hr at 1700 F, furna wled to 1500 F, he 2 hr f p 200 I 
68000 93000 0 21¢ 43] | 0) 3 
62800 gsosn 6.75 197 iv 19 () 04 
47800 65200 13.0 157 4] “) ) ike 
White 4 heated at 1700 F for 6 hr, furnace cooled to 1355 F and he 
id N d $2000 58000 3.0 192 302 2 0.89 ) 
[TABLE 9—PROPERTIES OF No. 2 IRON CONTAINING 0.5% N1 
ee Ax Y.P 
¢ Y.P 4 Elong. B.H. B.H. B.H. r.S 
f : Annealed, reheated 2 hr at 1500 F, air cooled, tempered at 1200 I 
66700 84900 4.0 200 425 34 0.78 6.8 
54400 74200 5.0 165 $49 530 0.734 29.3 
50200 61050 4.75 150 406 335 0.82 84.0 
39200 52000 9.0 130 400 402 0 86.9 
White, heated 17 hr at 1700 F, furnace cooled to 1500 F, held 2 hr, air cooled, tempered at 1200 F 
3 56500 68750 4.5 175 393 327 0.822 89.2 
: 52600 68300 6.5 169 404 312 0.770 92.8 
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Paste 10—Properrirs oF No. 3 IRON CONTAINING 1.0%) Ni 
eS iH y 
Hr 
I¢ Y.P io I g B.H B.H B.H 
Ant _ reheated 2 hr at 150 it 1200 J 
‘) L100 YOO) , 4) D1¢ 41? 329 () 20K 
} i750 68400 st 4) 3? 0). Rf 
. 550 HO825 ? 44 499 317 0.7 
l¢ 482600) 63750 x 4 439 334 0.7% 
24 S600) $2000 i 977 
Whit 17 hr at OO F. t S00 F, | 2 | on y. 1200 | 
} OO 69900 4 7 400 329 0.829 
Pasie |1—Propertries or No. 5 IRON CONTAINING 0.59% Nt AND 0.5°% Cu 
toh # es 
Hr 
I pH LS Elong B.H. B.H. B.H. cos 
Annealed, reheated 2 hr at 1500 F, cooled, tempered at 1200 | 
0 HR533 RRTOO 2.83 212 418 324 0.774 
? 65550 RHROO 25 200 434 328 0.744 
j HOH33 9450 5.0 180 44] 336 0.764 
8 56700 74767 6.33 169 44) 336 0.759 
f) 47850 65125 9.13 148 440 324 0.735 
24 42000 $4000 12.5 13 410 318 0.778 
Annealed, reheate hr at 1445 F, air cooled, tempered at 1200 F 
} 46900 64000 5.0 160 379 294 0.734 
8 46500 ROO 9.5 155 412 300 0.730 
16 $4300 58200 12.0 13 425 324 0.760 
Annealed, re heate 2? hr at 1500 F, air cooled, tempered at 1100 F 
} 8 L000 95100 3.0 228 417 355 0.852 
‘ flaw 
l¢ TOROO 89000 4.0 716 412 327 0.795 
Annealed, reheated 2 hr at 1500 F, air cooled, held 4 hr and reheated at temperatures indicated 
70 Fk 68533 RR7O00 2.83 212 418 324 0.774 
600 410 
ROO }- 263 5 
1000 F 70700 93200 3.0 229. 406 308 0.759 
1100 Fk 69000 94400 3.5 917 435 318 1.732 
1200 } 60633 79450 5.0 180 44] 336 0.764 
1300 } §2700 70500 7.0 170 415 310 0.748 
White, heated 17 hr at 1700 F, furnace cooled to 1500 F, held 2 hr, air cooled, tempered at 1200 F 
+ $7500 77275 4.75 185 417 310 0.745 
g $3300 65275 5.4 151 432 352 0.828 
16 46517 $7550 7.0 141 408 330 0.808 
24 $5800 56150 8.0 140 401 327 0.815 
Annealed, reheated 2 hr at 1445 F, oil quenched, tempered at 1200 F 
} 67450 75500 5.25 207 364 326 O.89+4 
N $5100 66700 7.5 175 381 315 0.825 
6 47500 57400 9.5 146 393 325 0.829 
Annealed, reheated 2 hr at 1500 F, oil quenched, tempered at 1100 F 
4 92600 96100 2.0 269 357 344 0.964 
8 74600 100500 3.0 228 442 327 0.743 
l¢ flaw 
Annealed, reheated 2 hr at 1500 F, oil quenched, and reheated at temperatures indicated 
600 230 
800 F 225 ' re : 
1000 | 79500 96200 2.0 229 420 347 0.826 
1100 F 75000 88000 3.0 212 415 363 0.853 
1200 F 70400 79500 4.5 208 382 338 0.885 
$1500 60000 8.5 160 375 322 0.858 
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were then heat treated experimentally 


nners and the specimens wert tested fon 
nsile streneth, elongation, and hardness 
lables 8 through 16 


det plain iron are all averages ot trom 


pres nted in 


ecimens: the alloved iron results are in 


dual tests 


Interpretation of Results 


presented in the foregoing tables can 
d in order to yield considerable informa 


s not obvious by simple inspection of the 


influence of Time of Tempering 


lable &, that 
at tempering temperature influ 
In 


is rehe ated at 


noted trom, ton example, 
t of time 
roperties this case 
1500 I 
the sample Ss were aul que nched and then 


' t 1200 I 


a plain, fully an 


for 2 hr to saturate 


It can be noted that tempering 


Fig. 2 


Properties of pearlitic n 


7 7 ’ 
alleable tron (C., I. 


t17 





up to 8 hr had little etlect upon th yield point al 


though the 
\iter 8 
and the 


elongation 
hr, 


elongation 


rose aS soot: as tempering was 


started. the vield point dropped appre 


ciably rose. Similar behavior is 


shown in Lable | dealing with Joseph's! iron although 
it is less obvious from the table of data alons 


of 
pering at 1250 F of Joseph’s iron and of plain iron at 


Figures 2 and 3 show the influence of time tem 


1200 F of this research respectively lime 1s plotted 


as abcissa on a logarithmic scale while yield point, 


tensile strength, Brinell hardness, and elongation are 
plotted as ordinate. 
from 1750 F, 


effect on the 


With Jose ph’s iron, air-quenched 
1250 ] had littl 
When the time of tempering 


tempering at for 2 hn 
properties 
exceeded 2 hr there was a rapid change in all proper 


No data are 12 the 


in the graph have been extrapolated to come to equi 


ties. eiven beyond hr and lines 


librium at $2,500 psi yield point and over 10 per cent 
elongation 
lable 8, shows 


a lower carbon iron, air quenched 


dealine with the data of 
the ol 


from 1500 F and tempered at 1200 | \t 


Figure 3, 
behavior 


this lowe! 


Jose ph) 
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temperature, the yield point was not appreciably at 
fected until after 8 hr of heating. The elongation, 
however, rose after | hr of tempering, thus producing 
a more favorable yield point to elongation relation- 
ship. Ihe longest period for tempering in this investi 
gation was 35 hr. Ihe curves have been extrapolated 
to the average values for fully annealed iron of this 
class. 

The foregoing two examples indicate that a highe: 
tempering temperature tends to accelerate the decrease 
in yield point and increase in elongation. Since, how- 
ever, two different irons with two different pre-treat 
ments were used some doubt may be raised at the 
validity of this observation. It is felt that the first 
stage of tempering where yield is almost constant and 
elongation increases is due to relief of cooling stresses 
and to spheroidization of the carbides. The second 
stage where yield drops and elongation rises is brought 
about by reduction in amount of carbides due to 
graphitization. This view is in keeping with the re 
sults of Massari* who heat treated car-wheel irons at 
various temperatures both above and below the criti- 
cal. He found an increasing time lag in start of 
graphitization of combined carbon as lower annealing 
temperatures were used. 


Influence of Tempering Temperatures on Properties 


In order to study the influence of tempering tem- 
peratures, annealed specimens of Iron No. 5 which 
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x ik 
contained 0.5 per cent nickel and 6.5 pe: 
were reheated to 1500 F for 2 hr, air qi 
then tempered for 4 hr at various tempe: 
1300 F. Tensile bars were tempered at 00. | 
1200, and 1300 F and smaller specimens temp 
at 600 and 800 F. The results are given l abl 


and graphically in Fig. 4. 
that higher tempering temperatures op 


than low ones. The Brinell hardness of t! 
tempered at 600 F was over 400 whereas t! $I 


not tempered at all after air quenching was 22. 5 
the structures upon quenching were martensit) 
appearance, this hardness behavior may 


retained austenite. It must be borne in mi) 
matrix is alloved not only with 0.5 per cent co 
and 0.5 nickel but also with over 1.3 per « 

and a small amount of manganese. 

It is felt, however, that if plain iron is used 
ing temperatures in excess of 1200 F wil pr 
poorer control of properties since graphitizatior 
set in perhaps sooner than spheroidization. 1] 
ues for plain irons in Table 2 bear this out sin 
drop in yield point is very Sharp at the 1325 F: 
perature of tempering used in that test. 


Influence of Quenching Temperature 


When fully annealed irons are reheated aboy 
critical, the highest temperature used will deten 
the austenite grain size and the amount of com! 


Fig. 3—Effect of time of tempering on properties. 
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s 
study the ettect ot quenching temperature, I he same treatment was used on anothe group ol 
ynealed plain irons (No. 1) were reheated specimens except that the irons were oil quenched 
1600 F, an quenched, and tempered tor trom 1500 I Lhe results are given in Table 8 and in 
dds at 1200 I Ihe results are shown in Fig. Comparison ot Figs > and show that oil 
| also in Fig. 5 Although the behavior is quenching leaves the iron in a harder and stronget 
veneral as when a reheating temperature condition than air quenching but on tempering, these 
is used (see Fig. 3), it is obvious that the differences are equalized. Comparison of the tabula 
h starts at a higher level due to the in values indicate that oil quenching produces a higher 
bined carbon ratio of yield point to tensile strength; a given vield 
, lack of annealed specimens, white bars point is accompanied bv a lower tensile strength in oil 
at 1700 F for 17 hr, turnace cooled to quenched irons than in air quenched 
quenched, and tempered at 1200 IT The 
in size as determined by the 1700 F an Relationship Between Yield Point and Elongation 
ature and the combined carbon by , 
—— : —"™ - Ihe engineer is always contronted by the fact that 
examination were higher than that of , 
he cannot have maximum strength and maximum 
other two treatments. The results of the : 
toughness sunultancously. It is the desire of the found 
sts are given in Table 8 and in Fig. 6. The 
. 2 : ‘ rvman. however. to provide the best relationship ot 
of vield point is higher than where the 
Pa. : streneth and toughness possibl In malleable trons 
perature prior to air que nching was lowe) 
these properties are best measured by the yield point 
and by the per cent elongation 
influence of Quenching Medium | he prope rues ot irons from lLable 8 were the retore 
savior of annealed iron, reheated 2 hr at replotted in Fig. 8 where vield point in 1000 psi is 
500 | quenched, and tempered at 1200 F was plotted as ordinate and per cent elongation as abscissa 
he first part of Table 8 and in Fig. 3 It is noted for example tor irons air quenched trom 
Fig. } Etlect of temperature of tempering on properties 
‘% ELONG B.H. 
00 r-- is 450 
| 7 C 
Ts : 
| a 05% Cu a 
' ; 
| | 
lf + f 0.5% Ni 
90 Fr 400 
F 4 
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*5 IRON, ANNEALED, REHEATED AT 1500°F., AIR QUENCHED, AND TEMPERED 4 HOURS 
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1500 F that the first values tall on a line which is 
almost horizontal; then the values fall on a curved 
line with a steeper slope. Ihe points for irons an 
quenched from 1600 F follow a similar course except 
that the initial points form a branch higher up than 
the irons treated at 1500 F. Those irons heated at 
1700 F start still higher up. When the values for oil 
quenched irons are included, the graph is composed 
of several branches intersecting an envelope curve 
which represents the best relationship of yield point 
and elongation obtainable with this iron. 

The significance of Fig. 8 is that pearlitic malleable 
irons may possess almost any set of physical proper- 
ties; only by proper heat treatment can the optimum 
properties be achieved. 

It was felt that some confirmation might be neces 
sary to establish the existence of the envelope curve 
and its shape. In Fig. 9, the envelope part of the curve 
is reproduced along with the data given by Joseph in 
Table 1. The A.S.T.M. specifications® for the various 
grades of pearlitic and annealed irons were also 
plotted. It can be seen that Joseph's results plot along 
a smooth curve. ‘The A.S.T.M. specifications not only 
plot along a smooth curve but this curve is parallel 
to the envelope curve determined in this investigation. 

The shape of the envelope curve indicated that 
a logarithmic relationship might exist between yield 
point and elongation. Figure 10 is a repetition of Fig. 
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8 except that the abcissa is plotted on a 
scale. Now the graph consists of branches 
a straight line which is the envelope curve. 
tion otf this line is 
Y —-—50 logE+ b 
where Y equals yield point in 1000 psi, Z 
cent elongation, and 0 is a constant. If the valyes 
annealed plain iron from ‘lables 4, 5, and 6 
the points falls along a line where 
Y + 50 log E 102 
If the A.S.T.M. and Army Ordnance specificat 
are plotted in this manner, these specifications ma 
expressed by the equation 
Y + 50 log E= 95 


Chis means that for any given elongation the expect 
yield point for plain irons should be 7000 psi highe 
than specification or 1000 (102-95) psi. In order ; 


facilitate computations Table 17 is included in wi 


the value, 50 log E, has been computed for elon 


tions up to 20 per cent. 


Ihe constant, b, is, therefore, a sort of qualir 
index; if the yield point in 1000 psi is added to 50 |g 
FE, the sum must be at least 95 to pass specification; 


The higher the value of b, the better the combinat 


of strength and toughness which has been achieved 
This constant has been computed for all data 


sented in all the tables. 


If the values for the quality index, b, from Table§ 


Fig. 5—Effect of time of tempering on properties. 
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Fig. 7—Effect of time of tempering on properties. 
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Fig. 8—Yield strength—Elongation relationship of 
plain trons, 
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Fig. 9—Yield strength-Elongation relationship of 
plain trons. 


are plotted against time of tempering at 1200 F, it may 
be seen from Fig. 11 that maximum quality is not 
attained at 1200 F until the tempering time is 8 hr. 

As a matter of interest, data from the literature® 
dealing with the properties of wrought plain carbon 
steels were plotted with yield point as ordinate and 
log E as abscissa. The values were obtained from Sisco 
and from various S.A.E. heat treatment charts. Figure 
12 shows that there is an unmistakable trend for the 
values to fall on a straight line whose equation is 

Y + 150 log E 275. 
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Fig. 10—Yield Strength-Elongation relationshi{ H 
plain irons. 








Wrought alloyed steels were similarly investig 
and Fig. 13 shows a similar trend. The line o1 


graph was constructed according to the mean data 





Janitzky and Baeyertz who published averaged 
regarding the properties of alloyed steels. Other jp . 

have been added for 12.5 per cent Cr turbine bla 4 
steel, nitralloy, and other alloyed steels. The sca 





of points is not excessive and the equation exp 
the relationship is 


7 a 350 log I 565. 





This relationship does not hold for austenitic st 





These three charts simply illustrate trends and 





must be exercised when comparing malleable 





with steels. In determining elongation of steels, star 
ard American and British practice uses a relationshi 
between gage length and cross sectional area of | 
test specimen where L 4.5/ A, where L equals 
gage length and A equals cross sectional area ol t! 


specimen. Malleable iron standard bars use | : 





3.6\/A. Hence a malleable iron whose elongatio 


} 


normally reported as 10 per cent would probably s : 
only about 14 per cent if a test bar were machi! 





according to standard dimensions. 


Use of Quality Index, b, as a Measure of the 
Suitability of Heat Treatment 








The tables of data obtained in this investigat 
show a wide variety of values which vary considera 
among themselves. Particularly in Tables 4, 5, a0 
there are values for the same irons which differ wide 
after being annealed by different foundries. For ' 
reason the quality index, b, was computed for the 
irons and is presented in Table 18. It may be se 
that the index values are consistently better in 10% 
given heat treatments at Foundry B. 
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IES OF No. 8 IRON CONTAINING 1° Ni AND 3 Mo 
S Y.1 Y.P 
5 | —_ , 
, YI ee B.H B.H B.H S 
Anne h 9 . 500 F, Oo } 
1500 2100 +0 710 +58 Ny 9 ¢ 
80500 2200 0 710 438 . g 4 
CM TOO0 x () +44 » \ 
Anne he 500 Fo a in) |} 
Ney MO) 40500) 40) fy +fy¢ {) 
Annealke ) 1500 F. On | 
RRM) 91300 20 399 4 rT, 10 
8 SOO 79000 20 1 
OO00 70600 2.0 9) A! 
Anneale ve > hr S00 F. « OO } 
(Mn) S500) {) 180) ss 4 (4 
a= 
- [1 aBLE 13—PROPERTIES OF No. 10 IRON CONTAINING 0.59% Nu, 0.59% Cu, ann 0.5% Mo 
° = 
Ss Y.P Y.P 
} 
"| Os TS g B.H B.H B.H TS 
Anne he 00 | OO | 
4000 87000 4.5 ? 7 R50 O06. 
2000 8 5000 6.0 2 ) O.84 110.9 
466000 78267 0 ) 4()] . 0.844 OR 
, 9400) 71600 i, 18? 3 é RY OR.3 
‘ White eate 17 hr at 1700 F, fu P OO F. |} u per Oo} 
3400 87500 + Ji¢ 405 340) rR 4Y a, 
4900 66750 1.0 l¢ 100) 329 0.824 102.4 
1 ABLE 14—PRoPERTIES OF No. 12 IRON CONTAINING 0.5% Ct 
r.S Y.P .€ 
} 
4 YP [ o long B.H. B.H B.H DS 
Annealed, reheated 2 hr at 1$00 F, air cooled, tempered at 1200 I 
67400 83800 3.5 200 419 37 0.804 94.6 
51500 67800 4.75 165 412 12 0.760 85.3 
45850 62800 7.0 144 436 18 0.731 88.1 
40000 52000 8.5 14 323 295 0 0 Qe 
" 40700 50500 8.0 124 410 328 0.808 26.0 
| e 
White, heated 17 hr at 1700 F, furnace cox i, to 1500 F, he r empe it 1200 } 
57050 70450 4.5 165 47¢ 346 0.810 gg 
| 
. 22 . ¢ , P . c 
TABLE 15—PRoOPERTIES OF No. 13 IRON CoNTAINING 1.0% Ct 
IS, YP. Fs 
¢ YP to Elong. B.H. B.H. B.H. ; 
Annealed, reheated 2 1500 F, air cool mpe it 1200 } 
69250 89900 3.5 205 438 338 0.781 % S 
) $6225 71300 3.75 180 397 313 0.729 acon 
44000 56750 9.0 132 430 334 0.775 91.7 
44300 55700 8.0 134 416 330 0.79 g9 
White, heated 17 hr at 1700 F, furnace cooled, to 1500 F, held 2 hr, air cooled, tempered at 1200 F 
52900 67000 6.5 156 429 339 0.789 93.1 




















































































































194 PEARLITIC MALty 
PAsLce 16—Prorerties OF No. 16 IRON CONTAINING 1.0% Cu anv 0.3°5 Mo 
r.S. T.. ¥.P. 
Hi 
Pet fo Boa Elong B.H. B.H. B.H. FS. 
Anneale & reheated 2 hr at 1445 } ~~ cooled, tempered at 1200 I 
4 FOROO 8 1000 172 471 411 0.875 
Annealed, reheated 2 hr at 1500 F, air cooled, tempered at 1200 F 
s 7 5000 89100 5.0 176 507 425 0.843 
é 74500 8 4H00 4.5 169 495 44] 0.890 
Annealed, reheated 2 hr at 1500 F, air cooled, tempered at 1300 F 
| 40000 75400 R75 152 495 395 0.800 
Annealed, reheated 2 hr at 1500 F, oil quenched, tempered at 1200 F 
} 92000 94000 2.0 210 447 436 0.980 
8 86500 91500 3.0 200 458 435 0.945 
16 74500 82000 $5 195 420 383 0.910 
Annealed, reheated 2 hr at 1500 F, oil quenched, tempered at 1300 F 
g 68900 79500 6.0 192 414 359 O.865 
Annealed, reheated 2 hr at 1445 F, oil quenched, tempered at 1200 F 
} 86500 92500 3.5 200 462 432 0.936 
White, heated 17 hr at 1700 F, furnace cooled to 1500 F, held 2 hr, air cooled, tempered at 1200 F 
Q 73400 90800 6.5 185 491 397 0.810 
94 60200 72550 9.5 159 466 379 0.529 
220 ) 
200 
180 a: , 
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ee | 
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11—Yield strength-Elongation relationship of carbon steels. 
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& 17—VALUE OF 50 Loc E For 
VARIOUS ELONGATIONS 
= 
j cI g | 
i) { 
is / A} 
(} 44 / 
O60. { { 
{)} HY 54 YA) 
44) (> 
} » bl a“ 
»RO 4() 
() &45 ? 
O.R7§5 4 
1)“ } 
0.930 46.50 
1Ys4 4 {) 
YA +5 YU) 
1 .OO0O 0.00 
1.022 0) 
042 2.10 
1.06] $3.05 
1 ORO S4.00) 
1.098 54.90 
114 0 
130 S650 
147 
162 538.10 
7 & RO 
y] Y St) 
204 60.20 
718 fy YO) 
231 61.55 
243 62.15 
7 , 
2? , f , , 
290 64.50 
0] 65.05 
ues for plain irons were averaged for each 
tes the averaged values for alloyed irons were 
Hikewise computed and presented in Table 19. Exam 
7 m of these averages show that the heat treatment 
at | dry B brought out the best properties trom 
et ns; although the treatments at all the toundries 
’ commercially satisfactory for plain irons. 
S| ther discussion of these trons only the values 
m0 | from Foundry B’s annealing will be used 
ae here otherwise stated. 
5 . 
| 19 also points out that it is dangerous to 
pia ms indiscriminately for heat treatment in a 
J innealing cycle designed for producing fully 
. 
eT plain iron. If such a treatment is to be used 
| nt and kind of alloy will have to be dete 
n x each foundry’s particular annealing cycle 
Influence of Alloys 
es have been employed in pearlitic malleable 
HB! der to increase the mechanical properties. 
vhich presents the data obtained by Forbes 
it Manganese in excess of that normally in 
» counteract the effects of sulphur progres 
reases the properties and is reflected in an 
q 


n quality index with increasing amounts of 
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PaBLE 19—PERFORMANCE OF DIFFERENT FOUNDRIES 
IN HEAT IREATING THE SAME IRON 
| \ B ( D 
Qua I Pla 
| t | 9 10] 101.8 
Test Il 106.50) O4 100.2 
Fest Ill 103 102.0 
Mm 45 
\ IDR 4 O}.0O8 ()1 8 
) I Alloy I 
| | 96.87 0 ) ) 
Test Il y~ ’ 0.2? 09,2? 
| st ltl Q~ SO ‘) yt) 
7 TT 
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Nu y a At) ’ 28 2) 





\dvantages in the use 


result either from thei 


of allovs theoretically would 


going into solid solution o1 
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TP aBLE 20—EFFECT OF ALLOYS ON YIELD P 
FULLY ANNEALED IRON 
i n ¥ P | 
N 
() ay 
() ¢ a, 
10 fy 
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> 40) 
; 60 } 
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0.50 1?.¢ 
0.79 14.70 ) 
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19.44 
1S 23.0 
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Mi 
0.1  ¢ 
Nik 
Ox 4 
5.40 7 
Ni- NI 
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from their influence on critical cooling rat 
other hand, allovs may 


duce some primary graphite, they may st 


inoculate the casti 


massive carbides, o1 stabilize pearlitic carb 
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| : 16 Influence i Mo. 


niluence of alloys by virtue of solid solution 
is studied by using data from Tables 4, 5 
here heat treatment was done by Foundry B 
ilues were averaged in if the elongations were 


to indicate fully annealed, ferritic iron. First 


points of plain iron bars were averaged. [his 
as subtracted from the yield points of the 
alloyed irons. The difference equals the 
in yield strength and when divided by th 
plain iron gives the per cent increase due to 
[hese computations are summarized in Table 
elongations have been added to indicate the 


completion of annealing as well as the qual 


sults for various alloys and combinations of 
given in Figs. 14, 15, and 16. Since all these 
e fully or nearly ferritic the alloys must have 
d the prope rties solely by virtue of their solid 
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Fig 7—Influence of allo 
i ’a r 
solution ettect In Fie. 15 the line tor « ypper seems 
to break at around 1.5 per cent which ts its limit of 
solubility in iron. In Fig. 17 the increase in yield 
point Is plotted against amount of total alloy I he 


trend is unmistakable that the quantity of alloy i 
solid solution is the determining tactor in establishing 
vield point. If all the irons are assumed to possess 18 
per cent elongation, then the value tor quality index 

may be read from the scale at the right 

[here mav be a difference in the effect of different 
alloys, but in the limited number of test runs no dif 
ferences were detected 

When the values for quality index, ), are computed 
for all trons, whether ferritic o1 pearlitic from Tables 
+, 5, and 6 and heat treated at Foundry B and if 
divided for statistical examination, Figs. 18 and 19 
show the frequency. Plain irons have a statistical 


average quality index of around 102 and illoved irons 





128 


of this test ave rave 108. From the discussion pre viously 
made, the index should be controllable by alloy addi 
tions. An alloyed iron of index 110 should at a given 
elongation have 15,000 psi greater yield point than 
specification and 8000 psi greater than a plain iron, 
1000) (110-95) and 1000 (110-102) psi respectively. 

Ihe results from the last heat of irons tested wert 
disappointing, The irons alloyed with nickel o1 cop 
per or mixture exhibited microscopic patches of pri 
mary graphite. his was probably due to inoculation 
effects. Those irons which contained molybdenum in 
addition were satisfactory since this alloy probably 
counteracted the inoculating tendencies of nickel and 
copper. 

Ihe results of Ni-Mo, Cu-Mo, and Cu-Ni-Mo irons 
shown in Tables 12, 13, and 16 are satisfactory. The 
quality index factors check those obtained previously 


on tully annealed irons. 


Malleable Irons in Comparison with Competing Materials 


Ihe foregoing results indicate that malleable and 
pearlitic malleable irons have very satisfactory strength 
to toughness relationships provided that proper heat 
treatments have been employed to biing out the full 
pote ntialities of these materials. 

In Fig. 20 the values of alloyed irons in the pearlitic 
and the ferritic states are presented. Most of the 
points fall between lines whose quality indexes are 
105 and 115 respectively. For purposes of comparison, 
the values for plain irons and for the A.S.T.M. speci 
fications have been included. 
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Fig. 18—Distribution of quality index, b, 
of plain irons. 
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Fig. 20—Yield strength-Elongation relations 


plain and alloyed malleable trons 


It must be remembered, however, that in | 


elongation values for malleable irons are ba 


shorter gage length than is standard for st 


elongation would appear less if the stand 


length had been used. The results shown f 
ble irons should not be difficult to obtain 1 
cial practice since equivalent properties |! 
published by a variety of foundries.® 
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Summary of Conclusions 


5s ol the work described 1! 


this paper, 


ynclusions have been drawn 
perties of pearlitic malleable iron are 
yn the quantity, size shape, and distri 


thre phases carbon, ferrite, and 


ng a quenched iron results in, first, in 
ation with no or little diminution of 
ind second, an increase in elongation 
tional decrease in yield streneth 
he second part of the tempering action 
relationship between yield and elonga 
tween strength and toughness) becomes 
matically, the relationship for annealed 
malleable irons may be expressed as 
Y + 50 log E—b 
yield point in 1000 psi, / per cent 
ind b a constant. 
ilues ol the A.S.T.M. specifications tor 
d pearlitic irons may be expressed by the 
tion with b 95. 
tical averages for plain irons with many 


it treatment give b 102; alloved irons 
rage b 108 to 110 with some values ove1 
means that an alloyed iron (b 108) has 


6000 psi (108-102) higher than a plain iron 
when both are heat treated to give the 
ition 

ng alloys indiscriminately to irons which 
it treated along with unalloyed irons and 

same cycle is dangerous. For good results 

tv and combination of alloys must be evalu- 
ich annealing cycle because the presence of 
irbides resulting from stabilization or of 
rraphite due to inoculation will detract from 


erties 


method of computation using the equation 


y «A. 39 log é b 


ble indetermining the suitability of a given 


cycle for a given iron. 
constant, b, may be considered a quality 
tor for fully annealed or pearlitic malleable 


tully annealed irons, improvement in proper 
lloys is solely by virtue of their being in solid 


ilthough some precipitation hardening may 


ed in copper-bearing irons. The data show 


ncrease in properties is proportional to the 
t alloy regardless of whether it be nickel, 
iybdenum, or combinations of these. In 
nts used all seem equally effective although 
me seems to have little effect above 1.05%. 
ur- or oil-quenched irons, alloys modify 

quenching rate. Some alloyed irons are 
ning and some exhibit retained austenite 
ching in oil. 
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Chairmar G. VeNnNeRrHOLM. Ford Motor Dearborn. Micl 
( Chai ” \“ B. MeFerrin, Electro Metallurgical Ce 
Detroit 
( \. Nacver (Written Discussior 1} iuthors are to be 
complimented on their fine paper dealing with physical proper 
ties of heat treated pla n and alloved nalleable rons I he 
paper contains a wealth of information on the various tensile 
strength, vield strength, elongation, and Brinell hardness of 
the heat treated malleable iron 
In analyzing the data.in Tables 4, 5, and 6 there ippears to 
be some differences in phivsical properties t« the same ipprox 
mate analysis and heat treatment 
lable 4 lable 5 lable 4 lable 
( ( \ \ 
Yield Yield Yield Yield 
Bar No Strenegtl Strengtl Strength Strengtl 
} 18 SOO O SO0 4200 10 %00 
19 7900 j 1k 1.000 14 600 
6 64.3550 1S 000 17 800 
7 13.990 52 100 67 600 
( S Mi S I 
lable 4—Base lron ? 36 1.34 O41 0.120 0.084 
lablk y sase lron 2.01 Ps. ) 





Can you account for the wide difference in vield streneth for 
Bar No. 7 with 2 per cent Ni as drawn in Tables 4 and 5 
13.990 and 52.100 psi respectively 


de that the alloy additions shown in 


The assumption is 
Table 4 were calculated 

The paper could have included some photomicrographs show 
ing typical microstructures produced by the use of heat treat 
ment A, B, C, and D 

PROF. SCHNEIDEWIND (H ten Reply t Prof Nagler As 
pointed out in the paper, conditions were not well controlled 
in the first test which was of an exploratory nature. Further, it 
is significant that for the group of irons cited by Mr. Nagler, 
seven out of twelve elongation figures are missing which ind 


cates that the specimens must have been defective internally 


although not apparent visually. No metallographic study was 
made of these irons since the specimens were not returned after 
tesiing 

] Ek. Renper:* This paper is a very valuable contribution to 


the study of high mechanical properties in annealed and pearlitic 


1Wayne University, Detroit 


2 Bureau { Mines, Ottawa, Canada 















mahieable ions plain ind Alloyed | ive ( il i 
sOCcVeE! ith anv of the details of the papel [hie « 8O cor! 
hat it ill take hours to assimilate In his ( sche 
FIVE i chart showing 50 log F for i SC meg ions 
effort in calculating out. In dealing wit © Tian ! 
ret to the top ind the bottom end of the curve peculiat 
happen around | and 2 per cent elongation. Factor 50 lo 
i change trom | [oO 2 pel cent eloneatior corresponds to 
figure, 15.000 or 16,000 psi change vield point. On ! 
ind, around 20 per cent elongation i | per ce change 
sponds to about 1.000 psi change eld point 

Doe Dr. Schneidewind fee i he relative oO 

0 ons, this formula ould old ] é i feeling tl 
0 per cer elongation I hal 0 or rluable It sc 
dicate a bi ditterence m the sectulness of iro hethe 
ol per cent ctor ition \ cl Fettin nto the vers 
treneth range It ou ere ‘ tO Impac streneths 
hat retlect on the other mechanica properties 

Dr. Schneidewind I agree ha n e get dow! ( 

ol itions, the formula ts oO oO § ficant. In tact 
ot think anv mathematical formula old tor properties ¢ 

ma serve simptl \t 5 pe cent 


t 


ol Ni 
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iro! ould tal ome 
ilthough the iron he reported or | 
content tha the one we used \ 
chart shows a vield streneth of 7000 
carbo ro! For a 2.3 per cel cart 
calculated js just a shade over 80,000 | 
points. | do not think that our metho 

vel iccuratle 

Nir. Renpoer: | agres ith Dr. Se 
particula of impac streneths In g 
enrice Het e¢ the smallest measurable « 
or 2 per cel makes a importa ‘ 
Strengt 

Dr. SCHNEIDEWIND s! e hac s 
al e could folloy vecause I DLinih 
of the ar r. In some work I have dor 
he pel cent elongation against Ne 0 
here is excellent correlation down t 
ratior Phat held for fully annealed and 
hen plotting the pe cent elongatio 
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iMPROVEMENT OF MACHINABILITY IN HIGH 
PHOSPHORUS GRAY CAST IRON 


William W. Austin, Jr. 
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Introduction 
ALMOST UNIVERSAL occurrences of sulphur, 
and phosphorus as detrimental components 
allovs have presented technical problems 
mportance since the earliest beginnings of 
il science. In the production of gray cast 
nsive research led to the establishment of 
# lly feasible desulphurization and deoxida 
ents now in widespread use throughout the 
Unfortunately the elimination of the harm 
of phosphorus on gray cast iron is a goal 
ot yet been fullv attained. Although the 


Metallurgist, Southern Research Institute, Bir- 
abama. 


problem I phosphorus Ith Cast POW fas received al 
great deal of attention since the classic work ol | | 
Stead in 1900,' much still remains to be done betor: 
an entirely successtul and commercially practicabl 
at phosphorization procedure can be established I his 
is particularly true of cast irons produced trom south 
ern ores where the phosphorus content i pig wo08hHn 
ranges between 0.60 and 0.90 per cent 

It is well known that this amount ol phosphorus 1 
gray cast iron has pronounced etlects upon the fluidity 
ot the molten metal and upon the abrasion resistan 
and upon the machinability of the finished castings 
The effect on fluidity is beneficial, giving rise to ease 
of pouring and excellent casting qualities for thin se 
tions of intricate design. The etlect of phosphorus o1 
abrasion resistance and machinabilitv, however, is not 
alwavs to be desired 

[his is particularly true whenever high phosphorus 
castings are machined at high cutting speeds. Her 
the hard abrasive phosphide causes a drastic reduction 
in tool life, and such conditions as segregation and 
nonuniformity of structure give rise to relatively poor 
machining qualities. The poor machinability rating 
of high phosphorus gray iron has hindered to a great 
extent the universal acceptance by the automotiv 
industry and other large volume consumers of castings 


produced wholly from southern pig iron 


Purpose of This Study 


[he purpose of this investigation, therelore, is to 
seek commercially feasible means of eliminating the 
harmful effects of phosphorus on the machinability 
of high phosphorus gray iron castings. From the 
metallographic standpoint it is well known that the 
adverse effects of phosphorus on machinability of gray 
iron are due largely to the formation of a cellula 
network of the extremely hard phosphide eutectic 
steadite, in a matrix of moderately hard pearlite. In 
machining, the cutting edge of the tool is forced into 
contact with this network of steadite which cannot 
readily be pushed aside, being firmly imbedded in he 
rigid pearlite matrix. This results in a pronounced 
abrasive or dulling action on the cutting edge thereby 
shortening tool life 
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Consequently, if the microstructure of high phos 
phorus cast iron could be altered so as to change 


radically the more of occurrence of the phosphide 


eutectic, it is seen that machinability might be 
markedly improved. Hence, it is desirable to produc 
a structure consisting of a more intimate distribution 
of steadite in a softer matrix structure of ferrite and 
fine graphite instead of the usual hard pearlitic matrix. 
In the 


on making contact with the more finely distributed 


latter type of microstructure the cutting tool 
phosphide particles would not be subjected to as 


severe abrasive action since the soft ferritic matrix 
would yield and allow the steadite particles to be 
pushed aside. The achievement of this control of 
microstructure in high phosphorus gray irons would 
obviously result in greatly improved tool life and re 


duced machining costs. 


Literature Cited 


In many cases the cost of machining eperaticns em 
ployed to obtain the desired dimensions and surface 
finish on castings amounts to many times the total cost 
of the rough casting. Because of these high machining 
costs numerous technical investigations have been di- 
rected toward the evaluation and improvement of 
machinability. A few of the more pertinent references 
to machinability are cited because of their relation 
to the problem at hand. 

Machinability has been defined by 
“complex property of a material which controls the 
facility with which it can be cut to the size, shape, 
and surface finish required commercially.” Evaluations 
of machinability are usually based on determinations 
of tool life, rate of metal removal, or power consump- 


Boulger? as a 


tion. Machinability tests are customarily accomplished 
by standardizing a given machining operation so as 
to eliminate the effects of as many variables as is 
possible, and then proceeding to measure some other 
important variable believed to have a close relation- 
ship to the cutting quality or machinability. For ex 
ample, the quantity of metal removed for a constant 
feed load or tool life is often used as a criterion for 
machinability. Measurements of the amount of heat 
generated during the cutting operations or the power 
requirement for the operation of a given machine 
under constant conditions have also been used as bases 
for comparative tests of machinability.® 


Types of Machinability Tests 


Iwo general types of machinability tests are recog- 
nized. First, short tests based on the resistance of the 
material being machined, and second, long tests based 
on the life of the cutting tool. Of the short tests, the 
drill penetration test developed by Keep and Loren 
in 1897 may be described as a typical example of 
the short term machinability test. The number of 
revolutions of a standard test drill is plotted against 
the depth of penetration under a fixed thrust load. 
Thus the rate of penetration of the test drill is used 
as a criterion of machinability. Control tests are made 
on a bar of standard machinability before and after 
each sample to check the sharpness of the drill point. 

Iypical of the long term tool life tests for the 
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measurement of machinability is the n 
This 1 


machining heavy cast iron test blocks (6 


veloped by Field and Bullock. 


201% in.) on a large hydraulically cont 


machine. Ihe milling cutter consists of 
carbide-tipped cutter mounted in a 500 

Tool life is determined by measuring 

wear on the clearance land of the cutter \ iB 
microscope after each pass. Lhe test j ‘! 
ended when the width of the wear land 

in. From the data obtained in this test the 4 
have been able to evaluate tool life in 1 5 
following criteria: (a) actual cutting time to d 
tooth; (b) the number olf chips required to d 
tooth; (c) the total distance traveled by ¢} 
(d) the total volume of metal removed per toot 
(e) cubic inches of metal removed per inch of ; 
edge pel tooth. 

Another tool life test for evaluating machina 
is the lathe test developed by Professor O. W. Bos 
In this test the specimen is turned on a lathe 
standard machining conditions and the leneth of 
required for failure of the cutting tool is measur 
at various cutting speeds. Curves are then p 
relating tool life to cutting speed for th parti 
materials being studied. 


Relation of Machinability of Cast Iron to Microstructure 


For a number of years qualitative relationships 
tween microstructure and machinability in the va 
types of cast irons have been recognized. | 
American Society for ‘Testing Materials symposiu 
cast iron published in 1933,7 it is pointed out 
cast iron varies from one of the most readily ma 
able to one of the most difficultly machinabk 
ferrous alloys. These differences in machinabilit 
directly attributed to the variety of microstructures 
be found in the various types of cast iron. Fully a 
nealed mold castings 
machinability 
iron containing virtually no combined carbon 


permanent 
because the microstructure 


POSSESS exc 
CONSISIS 
the matrix structure broken up by a high percentag 
of finely divided graphite flakes. On the othe 
chilled or white cast iron is extremely difficult 
chine because its structure is composed chiefly of! 
iron carbide, both in the form of pearlite and as 
cementite with the matrix unbroken by any graj 
flakes. The wide range of machinability possess 
the several types of cast iron between these t 
tremes depends upon the proportions of the v4 
microconstituents present and their distribution 
matrix structure. 

More recently, Field and Stansbury,. Mahu 
Lownie,” and others have made careful studies 0! 
relation between machinability and other prop 
of gray cast iron to its microstructure. It has 
observed that cast irons having similar physical 
erties and chemical analvses often differ drastia 
in their machining characteristics, while in wrou 
steel there exists a close relationship between ™ 


structure and physical properties. Thus the ™! 
structure of cast irons, being more complex in nal 
are not accurately indicated by their physical pr 
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rk ot Field and Stansbury this lack ot 
n machinability and physical properties 
d these workers to believe that the 

} 


ff cast iron rather than tensile strength 


eoht have an orderly influence on the 


yperties of the metal. 

eriences in the milling of cast iron had 

o different groups ot alloy cast iron test 
tually indentical chemical analyses and 
different values of 

tool lite An 


two 


erties gave widely 


as evidenced by exam 


microstructure of these groups 

samples having inferior machinability 

e carbide segregations, while the superion 

eroup contained only negligible traces 

It appeared, therefore, that the pres 

hard particles of free carbide seriously 
1 life. 


hand, in anothe was 


On 1 e] investigation it 
two alloy cast irons with marked differ 
mical analvsis and having been cast in 
ction thicknesses nevertheless vave almost 
| life values when subjected to machin 
Microscopic examination revealed a strik 
tv in their microstructures. These indica 
dependence of tool life on microstructure 
starting inves 


he effect of microstructure on the machin- 


point of an important 


ist iron. The specific object of this inves 

1 s to determine the quantitative re lationship 
icrostructure and machinability and thereby 

tain a reliable index for evaluating the machin 
cast iron. The machinability test, employed 

Field and Stansbury was identical to that described 
Field and Bullock,® the machinability rating for a 
specimen being based on tool life measurements. 
vresence of free carbides in an otherwise 

il ferrite-graphite structure was shown to have 
itively little effect on tool life at the lower cutting 
eds (up to 200 ft. per min.) but seriously reduced 
ife in the higher speed ranges (250 to 1,000 ft. 
min The complete graphitization of cast iron 
innealing resulted in a material containing only 
te and graphite which exhibited tool life values 


ich as fifty times greater than that of the normal 
iphite-pearlite structure. No specific data are given 
Field and Stansbury regarding the effects of high 
sphorus content upon machinability, although it is 
gnized that the phosphide eutectic steadite would 
imilar effect to that produced by free carbide. 


Use of Alloying Agents and Inoculants to Improve 
Machinability in Gray Cast Iron 


While maximum machinability in gray iron may 
obtained through annealing,’ 1° it is nevertheless 
to produce castings having good machining 


lalities at somewhat lower cost than can be obtained 
™ innealed iron. Consequently, the use of alloying 
idit wwents to accomplish this end has been 
died by a number of investigators and a wide 
ariety alloy treatments has been recommended. 
. Alloy addition agents for the purpose of improving 


chinabiltty or otherwise modifying the properties 


and structure Ol Cast 1ron may De divided into two 
general classes: ‘First, allovine agents that are com 
monly added in sufhcient quantity to produce signif 
cant changes in the composition of the iron. In this 


group may be classed such elements as chromium, 


nickel, copper, molybdenum, tungsten, vanadium and 


titanium. In the second materials whose 


group al 
addition to cast iron effects drastic changes in its struc 
ture and properties although the amount added is not 
sufhicient to appreciably change the composition, Addi 


tion agents belonging to this group are commonly 


spoken of as inoculants. Among the mor frequently 


used inoculants are calcium silicide, ferrosilicon. 


graphite, and numerous combinations of these mat 


rials with other alloying elements such as chromium, 
nickel It 


should be pointed out that there exists no hard and 


manganese, zirconium, molybdenum, and 


fast line of demarcation between the first type of alloy 
ing elements and inoculants. The distinction lies in 


in which the addition modifies the 


of the 


the manner agent 


structure resulting iron 


Mechanism of Inoculation 


According to generally accepted theory,'! the mech 
anism of inoculation is primarily a nucleation process 
by which microscopic o1 submicroscopic particles of 
the inoculant becom«e dispersed throughout the molten 
metal. During solidification, these particles provide 


flakes 


In the absence ol such nucle ‘. molten iron lreque ntly 


nuclei for the formation of normal graphite 


becomes super-cooled to a temperature appreciably 
below its freezing point before graphite separation is 
initiated. Under such conditions the formation of 
graphite when it does begin, proceeds quite rapidly 
Rapid graphitization then results in the production 
of extremely fine graphite flakes whose size and dis 
tribution variable, 
thickness 


the molten 


IS quite depending upon the sec 


and the rate of heat extraction from 


The 


the molten metal provides artificial nuclei, which 


tion 


metal, addition of an inoculant to 


effectively initiate normal solidification thereby pre 


venting super-cooling and its attendant undesirable 
effects the 
casting. 


upon structure and properties of the 


Although the literature on inoculation on gray cast 
S oa 


iron is voluminous, relatively little information is 
available on the evaluation of inoculants in terms of 
specific machinability tests. McElwee and Barlow!” 


and others have recognized two types of inoculants, 
the graphitizing type and the carbide stabilizing type 
Graphitizing inoculants contain only those elements 
known to promote decomposition of iron carbide dur 
ing the solidification of the iron, i.e. silicon, calcium, 
carbon, zirconium, etc. Stabilizing inoculants on the 
other hand contain carbide forming elements, such as 
chromium or molybdenum, that are capable of devel 
oping increased strength and hardness in the matrix 
structure of the iron. Although both types of inocu 
lants improve uniformity and decrease chilling tend 
ency, it is apparent that the graphitizing type will give 
rise to a softer microstructure and will consequently 
be most effective in improving machinability. 


Among the more successful graphitizing inoculants, 
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the silicon-manganese-zirconium type has been exten 
sively studied. Lownie!’ describes the use of an inocu- 
lant of this type containing 7 per cent manganese, 
7 per cent zirconium, and 75 per cent silicon. Experi- 
mental work on the influence of this inoculant and of 
95 per cent ferrosilicon upon fluidity, chilling tend- 
ency, and other physical properties of cast iron led to 
the conclusion that very definite advantages are to be 
derived from the use of this silicon-manganese-zir- 
conium ladle inoculant in the manufacture of high 
strength gray iron. It was established that 0.55 per 
cent silicon as a ladle addition either in the form of 
the silicon-manganese-zirconium alloy or as ferrosilicon 
Was an optimum addition quantity. 


Inoculating Agents 


One of the more extensively used inoculants in gray 
iron production is calcium silicide. As reported by 
A. F. Meehan in his basic patents it was found that 
the addition of a silicide of an alkaline earth metal, 
such as calcium or magnesium, will materially improve 
gray iron castings. The introduction of such a silicide 
in the molten metal acts to precipitate additional 
carbon in spite of which the tensile strength and 
transverse strength will be materially increased. A 
well-known proprietary process consists essentially of 
calcium silicide inoculation of a suitable gray cast iron 
composition which, through control of graphitization, 
gives rise to a uniformity of structure and improve- 
ment of physical properties which are less readily 
obtainable by other methods. 

Another inoculating agent that has received con 
siderable attention during the past 10 or 12 years is 
silicon carbide. Brown recommended the use of 
silicon carbide treatments for gray cast iron in which 
its addition was made as a part of the cupola charge. 
Used in this manner, it is claimed that 10 to 20 Ib. of 
silicon carbide per ton of metal will increase the 
pouring temperature due to an exothermic reaction 
and will enable up to 100 per cent scrap metal to be 
charged without impairing casting qualities. It is 
further claimed that silicon carbide treatment will 
stabilize the pearlitic microstructure so that a wider 
range of section thicknesses will freeze as pearlite with 
minimum amount of either free cementite or free 
ferrit 

Boyer'® after conducting further investigations upon 
the use of silicon carbide addition to cast iron re- 
ported that its influences are found to be considerably 
greater than would be expected from direct effects of 
the resulting increases in silicon and carbon contents 
of the metal. Additions of from 1.0 to 1.5 per cent 
of silicon carbide briquettes to the cupola charge 
were found to result in the breaking up of massive 
carbide and phosphide networks in the microstructure 
in such a manner as to greatly improve machinability. 

Loria and Thompson: ?§ have continued the study 
of silicon carbide addition to gray cast iron. In these 
studies no radical departures are made from the 
original procedure of adding silicon carbide in the 
form of briquettes of the finely powdered material to 
the cupola charge. Studies of the influence of silicon 
carbide treatments upon the chilling tendency in high 
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carbon gray irons and upon hardnes: 
strength, porosity, and machinability of 
cylinder iron have indicated definite im roy; 
in each of these properties. Unfortunat 
the literature on silicon carbide treatme; 
results of specific tests for evaluating the inflye 
the treatment on machinability. 

Among the alloving agents suggested for jmp) 
the machinability of gray cast iron the elemep; 
nium has received considerable attention. [¢ has} 
reported'® that when titanium in the form of 4: 
cent ferrotitanium is added to gray iron in amo 
sufficient to produce between 0.08 per cent and () 
per cent residual titanium content, the hardne« 


bred 


cord 
jmila 


proc 


usually increased slightly due to its effect in red 


the size of the graphite flakes. In spite of inc 
hardness, titanium in this range of compositio, ‘= 


reported to improve the machinability of cast pproy 

















both by eliminating the occurrence of hard, chijj.qme’ 
structures at thin sections or corners, and by oe]  P 
improvement in the graphite flake structure and | to 
tribution. \lthe 
in 
Influence of Titanium ~~ 
Starkweather*® lists specific data to illustray pel 
influence of titanium treatment upon the machi msil 
ability of alloy cast irons containing chromium and h o1 
molybdenum. The machinability ratings are bavmP!OdY 
upon experiments employing the tool dynamomey ym de 
technique developed by O. W. Boston*! in which ty Phos} 
cutting force is measured under standard conditiogiiO'C'' 
of machining on a lathe. It was found that titaniugms’/0D 
treated gray iron showed appreciable improvement mm u 
machinability over the untreated iron in spite of hg 
fact that all the samples showed practically ident Or ter 
tensile strength and Brinell hardness. ts ha 
The data reported by Starkweather for this impro 
ment in machinability are based on a 1.0 per ce 
addition of ferrotitanium to a base iron of the fo The 
ing analysis and properties: wer 
BOtal CAIWOM, PET COM..........5. 3.4 » of 
ew See 2.21 == 
Combined carbon, per cent............ 0.72 4 or 
Chromium, per cent ...........+++. . 0.54 xcept 
Ultimate tensile strength, psi........ 38,700 110 
Brinell hardness number........... . 207 atin 





Figures listed for comparative resistance to cutting 
the lathe test are: 22.5 for the titanium treated im 
as compared to 28.0 and 27.0 for the untreated i PB 
under a condition of 0.003-in. feed. In a similar lai 
test at 0.007 in. feed the comparative resistance © 
cutting is listed as 37.5 for the titanium treated i 
as compared to 41.0 and 39.0 for the untreated irot tell 

A somewhat different modification of the use “™ilicon 


S.A 


titanium as an alloying agent in gray iron is present fangat 
“Sale ° . . _) a uiphu 
by Holzworth?? in which titanium is introduced | Di cenh 


vr 


the iron by smelting a suitable mixture of titan 
ores and iron ores in the blast furnace. In accordant 

with this patented process the blast furnace is 80 0P° Hr», 
ated that the temperature reached in the reduc, ) 
zone and in combustion zone is high enough to redu whe 
titanium ores such as rutile or ilmenite. A prac@R® ») :. 
optimum range for titanium content in t! pig 1108 
is between 0.30 and 0.50 per cent. 


oven 





= US mposition. 


|R 


his process it is laimed that “the finely 
ter of the graphitic carbon and its uni- 
ion in the pig iron carries through to 
n castings made therefrom, and while 
slightly higher in Brinell hardness be 
elatively fine pearlitic structure, it is a 
ble casting, having a fine tight grain and 
creases tensile and transverse strength.” 
An i unt recent development in the improve- 

hinability of gray cast iron has been re 


British Cast Iron Research Association. 


Hartley** nodular or spherulitic graphite 
; 1e temper carbon of malleable iron) may 
d in as-cast gray iron by a specialized treat- 
R t research by British foundrymen has led 
opment of a revolutionizing process for 
m of gray cast iron having remarkably 
yhvsical properties and ductility. This 
terial, although not entirely equivalent to malleable 
ses a measurable elongation on the ordei 
to Z r cent 

\lthough the details of the newly developed process 
Bain confidential at this writing it is reported that 
heat of hematite pig iron of 3.9 per cent carbon and 
cent silicon upon treatment gave ultimate 
nsile strength values of 15.5 and 26.5 tons per square 
ch oO 0.875-inch diameter test bar. Excellent 
producibility of physical properties and freedom 

defect are claimed for the new iron. 
Phosphoric cast irons may be treated by this method 
wever, it is pointed out that the special effects 
ing in nodular or spherulitic graphite do not 
the dominating influence of phosphorus upon 
e iron. While definitely improved machinability is 
ported, no specific data concerning machinability 


ts have been made available as vet. 


Experimental Methods 


experimental phases of this investigation con- 
ed of a systematic study of the infiuence of a num- 
and 
operties and microstructure of a selected base iron. 

gray iron chosen for this purpose conformed 
xcept for its phosphorus content) to Specification 
Soft Iron,” of the Society for 
(Table 1). 


of alloy additions treatments 


upon the 


110 \utomotive 


uitomotive Engineers 


laste |—CoMPARISON OF BASE IRON Wirth S.A.E. 


SPECIFICATION No. 11074 








S.A.E. No. 110 Min. Max. Base Iron 
bon, per cent 3.40 3.70 3.54 
a er cent 2.30 2 80 9 56 
Manganese, per cent 0.50 0.80 0.69 
er cent . 0.12 0.069 
J per cent ee 0.25 0.65 
ean Phe ction of S.A.E. Specification No. 110 was 


‘use of the relatively great demand by the 

industry for readily machinable castings 
It was felt that significant im- 
in the machinability of a high phosphorus 


tom 


th 





point the way to increased 


iron ot this type would 
utilization of southern pig iron in automotive Castings, 
a field now definitely restricted to low phosphorus 
irons. 

Each of the 


ments was studied by preparing a series of laboratory 


several alloy addition agents and treat 
induction furnace heats of the base iron incorporating 
varying proportions of the alloying agent under con 
sideration. Specimens from these heats were subjected 
to physical and metallographic examination as well as 
to chemical analysis in order to evaluate the effects 
of the 

The melting equipment used consisted of a 20 kw 


treatments, 


mercury gap frequency converter equipped with a 
12-Ib. tilting type induction furnace 
10-Ib 


melted under standard condi 


\ melting pro 


cedure was established whereby heats of the 


selected base iron were 
tions and predetermined additions of the alloying 


materials were made 
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Fig. 1—Keyhole type chill test specimen showing rela 
tive position and dimensions of chill block 





lest specimens consisting olf “keyhole” ty pe chill 


wedges (Fig. 1) were cast in dry sand molds after 
allowing a suitable holding time for homogenization 
of the melt. fractured for 
determination of chill depth. 


provided ideal samples for metallographic examina 


These specimens wert 
The broken pieces the n 


tion and tests for hardness, machinability, and chem 
ical analysis. 

For metallographic study a segment of the circular 
cross section of the specimen was cut so as to include 
a portion of the cylindrical section farthest from the 
chilled zone. The metallographic examination in 
cluded the following: an evaluation of the graphite 
structure according to ASTM designation A-247-41T,* 
an approximation of the relative proportions of pearl. 
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ite and ferrite in the matrix structure, and an ap 
praisal ot the mode ot occurrence of the steadite. 
Photomicrographs were made as required, to illustrate 
important trends in the results. Hardness values were 
derived by making a hardness survey of the circular 
cross section of each specimen from its center outward 
to the surface at a point diametrically opposite the 
chilled section (Fig. 1). The average of these readings 
was reported as the hardness of the specimen. 

In order to evaluate the effectiveness of the various 
treatments in improving machinability, it was neces 
sary to conduct a suitable machinability test in addi 
tion to the examinations and chemical analyses. Fo 
this purpose, a machinability test patterned after the 
Keep and Loren drill penetration test? was selected. 

\ standard model floor drill was modified so that 
the following test conditions could be consistently 
maintained throughout the entire series of tests: 

1. Drill size: 

Pilot drill ae lf in. 

Test drill . 3 in. 
2. Drill point type:*° 

Standard two fluted twist drill 


Point angle. . .118 
Lip CIATOMCE ... 2... ia 
Cutting angle. . ee 
. Drill point pressure. ... ..50 Ib. 
!. Revolutions per min. 187 
5. Cutting fluid ’ None 


Ihe drill test was conducted on the cylindrical 
portion of the fractured chill wedges. In each cas¢ 
the test holes were carefully placed in identical loca- 
tions in the circular section of the spec imen. The test 
procedure consisted of the following specific steps: 

|. Drill pilot hole to depth of 11% in. using care 

to keep drill in vertical alignment. 

2. Locate test drill on pilot hole and with dead- 
weight loading device operating, start drill. 
8. After test drill has penetrated approximately 
1, in., begin timing; clock accurately the in 
terval required for test drill to penetrate ex- 

actly one inch, or other specified depth. 

!. Record rate of penetration in seconds per inch, 

and convert to millimeters per minute. 

Che constancy of conditions, including drill sharp 
ness, was checked before and after testing each speci- 
men by making a series of tests on a standard test bar 
of predetermined machinability. It was found that 
maintenance of drill sharpness was a critical factor. 
However, with reasonable care in sharpening, using 
a precision drill grinding fixture, it was possible to 
obtain satisfactory reproducibility. The test drill was 
resharpened whenever the rate of penetration in the 
standard test bar fell below a predetermined limit. 

Under the test conditions outlined above, typical 
penetration ratings ranged from 50 mm. per min. for 
the untreated base iron to slightly over 100 mm. per 
min. for fully annealed specimens, thus providing an 
adequate spread of values for comparison of the 


various specimens. 


Discussion of Results 


Three fundamental methods of approach have been 
followed in investigating the problem of improving 


‘though full discussion of the results of this work 





MACHINABILITY OF Gr 











machinability of high phosphorus gray 





may be summarized as tollows: 





First, modification of the mode of occy 





phosphide constituent in the microsti 






approach has as its object overcoming the 






of iron phosphide by changing its struct 






ties, and composition through alloy additi 





Second, control of microstructure exc] 





phosphide constituent. The object of this 





attack is to produce a soft territic matr; 





instead of the relatively hard pearlitic mat 





characteristic of high phosphorus gray irons. | y 





ture of this type would exert less abrasive or ¢, 






action on cutting tools during machining opera; 





\ third approach to the problem deals with outy; 






removal of constituents known to have adverse effer 
on machinability. Desulphurization and dephos, 








ization treatments of the molten iron, and com! 






tions of these treatments with alloy additions 





included under this heading. 
A total of 76 experimental heats were prepared 





studying these three methods of approach, and 






not be attempted in this condensed report, se 





important observations deserve consideration 







Modification of Mode of Occurrence of Steadite 





In investigating the possibility of modifying 





mode of occurrence of steadite, it was desirabl; 





evaluate and compare the hardness of the var 





constituents occurring in the microstructure of hig 





phosphorus gray iron. In this connection, microhard 





ness measurements were made on typi al Spe cimens 





the iron under study. For this work the Knoop mi 





hardness test?? was employed. Table 2 summa 
the results obtained. 








TABLE 2—MICROHARDNESS OF STRUCTURAI 
CONSTITUENTS OF GRAY CAST IRON 











Knoop 
Hardness Nos 





Constituent 





Cementite 1000-1100 






Steadite (massive) 600-900 
Steadite (open honeycomb) 500-600 
Pearlite 350-450 
Silico-Ferrite (2:0% Si) 150-250 





a 50 gm load on standard Knoop indente1 















It was observed that the hardness of the phosphide 
constituent, steadite, is somewhat variable depending 
upon its physical constitution. Microhardness meas 
urements revealed that massive steadite particles ha 
ing a dense structure approach the hardness of fret 
cementite, while the more open honeycomb typ 
structure is generally somewhat softer. In any evétl 
the hardness of steadite in comparison to that of the 
matrix structure is sufficiently high to account for is 
extreme abrasive action in high speed machining op 
ations. This is especially true when steadite occu® 
as a practically continuous network throughout ™ 


structure of the iron, as is often the case in 10® 
rus 

















containing in excess of 0.60 per cent phosp 








IR. To, 


s of the foregoing tacts it is clear that a erate amounts (up to 2.0 per cent) olf the alloving 
the mode of occurrence ol steadite in elements studied 

rus gray ion would produce consider 

nent in tool lite machinability provided 


Control of Microstructure Exclusive of Steadite 
following changes could be effected 


R on in steadite particle size, by breaking Since the nature of the matrix structure has an 
yntinuous network formations important bearing on the machining qualities of cast 

R ion in hardness ol the phosphide con irons, several treatments have been evolved tor im 

through changes in its composition. provement of machinability through modification o1 

S anges may involve simple decomposition control of microstructure. One of the most eflective 
carbide in the ternary iron-iron phos procedures of this type is annealing or normalizing 
on carbide eutectic; or they may involve of Ca iuogs prior to machining. Aside trom annealing, 

Z nation of phosphides of elements other the . »:;strol of microstructure in as-cast gray iron for 
ron through the addition of alloying improvement of machinability may be brought about 

- o by adjusting the COM position SO as to Lavor graphitiza 
As { experimental melts was prepared to de tion of combined carbon. This may be accomplished 
ther or not appreciable modifications of to a certain degree by increasing carbon and silicon 
r occurrence of steadite could be produced contents insofar as is compatible with satisfactory 

o| yy additions to the selected base iron. For casting qualities, and by maintaining a proper balance 
additions of aluminum, calcium, titanium between manganese and sulphur in order to inhibit 
im were studied. the carbide stabilizing tendency of sulphur. Somewhat 
7 ts of this series of experimental heats wer more effective improvement in machinability in as-cast 
ising in that no significant change could be gray irons may be attained through the addition of 

( the microstructural occurrence of steadit« inoculants or alloying agents known to favor carbide 

ted specimens. It may be concluded, never decomposition. 

ss, that iron phosphide in the form of the eutectic, Experimental studies of each of the above methods 
7 i highly stable constituent of gray cast iron. of microstructural control have been undertaken with 
0 the law of mass action preponderantly particular emphasis on their effectiveness in improve 
D rs the formation of tron phosphide in preference ing machinability in the selected high phosphorus 
phosphide of any element introduced as an base iron. A comparative analysis of the results ob 
ohlmddition agent. In view of these facts it is believed tained reveals that annealing is definitely the most 

s not practicable to alter significantly the mode effective treatment for obtaining the desired ferritic 

ens 4 occurrence of the phosphide constituent in high microstructure. Unfortunately, annealing is also the 

n hhosphorus grav cast irons through additions of mod most expensive treatment. 















phide 
nding 
meas 
; hav 
f free 

type 
vent, 
of the 


or Its 


ope: 

cu ig. 2 ist structure of the 0.65 per cent phos- Fig. 3—Fully annealed structure of the same specimen 

t the rus e iron studied in this investigation, Etched shown in Fig. 2. Etched in 2.5 per cent nital, magnifi- 

irons 25 ent nital, magnification 200X. Matrix is cation 200X. Matrix is entirely ferritic (light back- 
= pearlitic (gray background) with dendritic ground) with steadite network unchanged. 


network of steadite. 
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In spite ot high costs, annealing or normalizing 
procedures are widely used for improving machin 
ability, especially in small castings where relatively 
rapid cooling of thin sections is likely to give rise to 
chilled corners or other areas containing tree cemen 
tite. Ihe treatment, free 
cementite is known to be present, involves heating to 
above the critical 1500-1600 F (815-870 ¢ 
following by slow cooling. In pearlitic irons contain 
ing no free cementite, a sub-critical anneal at 1200 
1400 F (650-670 C) followed by cooling in still an 
will produce satisfactory softening for machining. 
Drill penetration were 
ducted on as-cast and fully annealed specimens (Figs. 
in order to evaluate the 


usual annealing where 


range, 


machinability tests con- 


2 and 3) of the base iron 
actual improvement in machinability resulting from 


annealing. Table 3 gives the results of these tests. 





Paste 3—EFFECT OF ANNEALING AT 1400 F (760 C 
ON PROPERTIES AND STRUCTURE OF BASE IRON 
As-Cast Annealed 
Total carbon, per cent 5.52 5.52 
Combined carbon,* per cent 0.80 0.00 
Silicon, per cent 2.51 2.5) 
Manganese, per cent 0.56 0.56 
Phosphorus, per cent 0.62 0.62 
Hardness, Rockwell “B 93 75 
Drill test machinabilitv, mm min 53.5 109.0 
Approximate per cent pe arlite in matrix 
Q° 0 


structure 
* Microscopic estimation 





It is pointed out that there is a marked improve 
ment in drill test machinability corresponding to the 
transition in matrix structure from pearlite to ferrite 
he results of this experiment confirm the initial 
premise that microstructural control to produce a 
ferritic matrix will result in improved machinability. 
The data obtained also provide a means of compara- 
tive evaluation of machinability ratings resulting from 
subsequent experimental treatments and alloy addi- 
tions. Although the cost of annealing is high ($10 
to $15 per ton of finished castings under the most 





EFFECIS OF 





i 





TABLE 





INCREASING CARBON 





MIACHINABILITY OF GRA) 





favorable conditions), it nevertheless rr 
highly satisfactory means of improving ma 
and as such provides a goal for attainme: 


ess EX pe nsive treatments. 


Control of Microstructure Through Contr { 


Composition 
Since the microstructure of gray Cast iro) clos. 
related to its composition, the possibility of attainiy 
the desired ferritic microstructure through direct 


trol of composition presents a simple, straig! 
approach to the problem of machinability. Ups 
tunately, several disturbing factors enter the pict 
to prevent the achievement of this end direct! . 


Due to the fact that the formation of ferrijr, 


cast iron presupposes the graphitization of combing 


carbon, it is obvious that in unalloyed eray }) 
higher percentages of those elements known to py 
mote carbide decomposition (1.e., carbon and sili 
will solidification in the 


tend to favor 


graphite system, thus producing the desired ferrit 


graphite microstructure. 
On the other hand, rapid cooling, as normal) 
countered in small thin-sectioned castings, acts strong 


to counteract the graphitizing effects of high carbo 


and silicon contents. Another noteworthy factor te 


ing to inhibit graphitization in irons where late ad 


tions are employed to adjust the composition is ¢! 


inoculating effect of certain addition agents 
tion to the effects of rapid cooling and inoculati 
the presence of sulphur in excess of about 0.0! 


cent also exerts a definite stabilizing influence upor 
combined carbon. Consequently, due to the combined 


influence of these factors, it is not altogether feasit 


to produce a ferritic matrix in gray iron through sin 


ple adjustment of carbon and silicon contents 
Nevertheless, for the purpose of obtaining compa: 


tive data on machinability and microstructure, a study 
was made of the effects of variations in carbon and 
silicon contents of the base iron as produced by the 
three following addition agents: ferrosilicon, silicon 
carbide, and a proprietary mixture of graphite and 
ferrosilicon. Table 4 gives a summary of the result 
obtained through additions of varying quantities of 


AND SILICON CONTENTS OF BASE IRON 





Stable ror 


In add 


ner 









Composition, per cent 


Specimen 


No rr C.E.a Si Mn S P 

7 18 +.29 2.79 0.55 0.04 0.9) 
14 17 $.39 3.17 0.89 
18 3.43 4.64 3.13 0.92 
164A 3.39 4.92 4.21 0.91 
18-0 5.36 $43 951 0.52 0.04 1.08 
18-1 ‘= vi 1.50 2.77 0.53 , 1.01 
18-2 49 1.72 3.06 0.55 1.04 
18 6 4.80 3.14 0.55 1.00 
a C.E. = Carbon equivalent, total carbon plus 0.3 (Si + P 


b Hardness Rockwell “B” 
Drill Test Machinability, millimeters penetration per minute 
d Estimated per cent ferrite in matrix structure. 


Chill C, 
Depth,In. RP! DTMe %Fé 


0.00 


Addition 
Agent 


c 
Addition 


0.12 96 52 0-5 0.0 Base iron 
0.15 100 10-15 6.5 15°, Ferrosilicon 
0.00 88 69 10-20 2.5 Silicon Carbide 
0.00 77 90-95 5.0 Silicon Carbide 
0.12 9] 10-15 0.0 No additions 
0.00 86 20-30 0.95 Graphite and 
Ferrosilico: 
81 71 50-60 1.8 Graphite a! 
Ferrosilico! 
0.00 g] 70-80 °6 Graphite a 
Ferrosili: 


scale 1/16-in. steel ball penetrator 100 kg load 
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iis to Experimental melts ol the base iro 





s of inoculation and relatively rapid cool 
vercoming the graphitizing influence of 





and silicon contents a1 





apparent from 






on of ferrite in the various specimens 
le 4. In Specimen No. 16A, although the 
t was 4.2 per cent with total carbon at 


f 









it, metallographic examination of th 








ter cylindrical section showed appre¢ iable 





f combined carbon in the form of pearlite 





clusive proof that a completely territi 





ot readily produced in light castings of 





iron analyses simply through adjustment 





bon and silicon contents. 





On t ther hand, significant softening of the base 
corresponding reduction in chilling tend 
nprovement in drill test machinability was 


nplished through additions of silicon carbide and 






tarv mixture of graphite and ferrosilicon 





With either of these materials the introduction of 





| t carbon and silicon to give approximately 5.4 





otal carbon and 3.1 per cent silicon in the 





isting produced significant improvement in 


















inability 
-. should be pointed out that the use of silicon 
- carbide as a ladle addition to cast iron is not recom- 
led. According to its manufacturers, maximum 
™ effectiveness is achieved through the addition of silicon 
t de briquettes as part of the cupola charge. 
TH 
at 
Control of Microstructure Through Ladle Additions 
- [he utilization of alloy additions and inoculants 
- the purpose of improving the properties and struc 
~ ture of gray cast iron has been studied exhaustively 
both in this country and abroad. The majority of 
7" this work has been directed toward improvements in 
‘". Bamechanical properties in general and a portion of it 
aes has dealt specifically with improvements in machin- 
|. [ebility. Nevertheless, essentially no references are to 
Pas be found in the literature regarding the use of alloy 
» and Meditions for the specific purpose of producing a fer- 
aie tic Matrix in gray Cast iron. The primary reason for 
o< of Ms the fact that ferrite, being a soft low strength 





nstituent, causes undesirable reductions in strength 
nd other properties of the iron; hence its presence is 






ormally avoided. 





However, in many applications where service stresses 
pre low, good machinability is of greater importance 
han high mechanical properties. For such applications 

ise of alloy additions for the purpose of producing 
oit, easily machinable structure is considered en- 

suhiable. On this basis four series of experi- 
| heats were prepared for the purpose of studving 
ects of certain alloy additions upon the structure 
d machinabilitv of the selected high phosphorus 










i 
eff 
i 






nber of elements known to favor the de 







iposiuon of combined carbon in gravy iron is rela- 
velv small; thev include silicon, carbon, calcium, 
mit copper. nickel, titanium, zirconium, and 





juantities, manganese. Of these, previous 
‘periments had indicated a lack of noteworthy effect 
€ iron in all save copper, nickel, zirconium 









} | j 


nad maneanese Since « pper and nickel are KnOWNn 


to be rather weak graphitizers, it was decided to in 
vestigate the effects of additions of zirconium in the 
torm ot certain zirconium alloys, and alloy combina 
tions. For this purpose, additions of zirconium in 
ombination with silicon, manganese, and aluminum 
vere made employing the tollowing alloying agents: 
7 per cent zirconium, 50 per cent silicon, 10 per 
cent iron 7 per ent zirconium-silicon 
60 per cent silicon, 6 per cent manganese, ) per 
cent zirconium, balance iron 
oU per cent silicon, 6 per cent manganese, 0 pel 
cent zirconium alloy (as above plus commer 
cially pure aluminum 
Mixed alloys tor studying various proportions of 
silicon, manganese, and zirconium 
Four series of 10-lb. induction furnace heats pre 
pared according to. the previously described melting 
procedure were treated with Varving quantities ot 
these addition agents 
Ihe results of the experimental series employing 37 
per cent zirconium, 50 per cent silicon alloy revealed 
a definite graphitizing action on the high phosphorus 
base iron, with corresponding improvement in drill 
test machinability. For example a 2.0 per cent addi 
tion of the 37 per cent zirconium alloy gave rise to a 
residual zirconium content of 0.18 per cent and the 
drill test machinability rating was increased from 52.0 
mm per min. in the untreated base iron to 64.5 mm 
per min. in the treated specimen 
However, since a 2.0 per cent addition of 37 pert 
cent zirconium alloy is equivalent to 0.74 per cent 
added zirconium, the 0.18 per cent residual zirconium 
content indicates a recovery of less than 25 per cent 
vf the zirconium added. Due to this poor recovery 
the use of the 37 per cent zirconium alloy was not 
considered economically practicable 
In the second series of experimental heats zirconium 
alloy additions were made in the form of a 60 per cent 
silicon, 6 per cent manganese, 5 per cent zirconium 
alloy. It was found that the addition of zirconium in 
this form offers several advantages. Being substan- 
tially lower in zirconium content the alloy is less sus 
ceptible to oxidation losses; the percentage recovery 
was observed to be approximately 75 per cent instead 
of 25 per cent as before. Moreover the presence of 
manganese enhances the graphitizing effect by counter- 
acting the carbide stabilizing tendency of sulphur in 
the iron. In addition to these advantages this 5 per 
cent zirconium alloy is appreciably cheaper than the 


pv , 
7 per cent zirconium alloy. 


Effects of Si-Mn-Zr Additions 


The effects of additions of 60 per cent silicon, 6 per 
cent manganese, 5 per cent zirconium alloy are shown 
graphically in Fig. 4, 5, and 6. The close correlation 
of hardness, drill test machinability and microstruc- 
ture is clearly illustrated in these curves. A rapid 
change in each of the properties, hardness, machin- 
ability, and per cent ferrite in the matrix, is noted 
with additions of between 1.0 and 2.0 per cent, while 
a distinct leveling off occurs with additions of more 
than 2.0 per cent of the alloy 
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Fig. 4—Effect of increasing additions of 60 per cent Si, 
6 per cent Mn, 5 per cent Zr alloy on Rockwell hard- 
ness of the 0.65 per cent phosphorus base tron. 





Paste 5—Typicat ANALYsIS OF 0.65 PER CENT PHOos- 
PHORUS BASE IRON FOLLOWING 2.0 PER CENT ADDITION 
or 60 PreR CENT SILICON, 6 PER CENT MANGANESE, 
> PeR CENT ZIRCONIUM ALLOY 
Element Per Cent 
Total Carbon 3.44 
Silicon 3.62 
Carbon Equivalent 4.72 
Manganese 0.69 
Sulphur 0.04 
Phosphorus 0.65 
Zirconinm 0.09 
Carbon equivalent Tr. +- 0.3 (Si + P) 





Thus it is seen that satisfactory improvement in 
the machinability of the high phosphorus base iron 
may be attained through a minimum addition of 
2.0) per cent of this alloy. It must be pointed out that 
the high silicon content and the high carbon equiva- 
lent of iron treated in this manner (Table 5) place 
it in the hypereutectic range. Irons of this type are 
characterized by sub-normal casting qualities. Their 
fluidity is poor and they are rather susceptible to 
shrinkage. Consequently, further modification of the 
treatment and /or addition agent were considered nec- 


PERCENT ADDITION OF 60% Si- 6% Mn-5% Zr ALLOY 














PERCENT ADDITION OF 60% Si- 6% Mn~5% Zr ALLOY 


Fig. 5—Effect of increasing additions of 60 per cent S 
6 per cent Mn, 5 per cent Zr alloy on proport 
ferrite in matrix structure of the 0.65 per cent { 
phorus base iron. 





essary before a satistactory treatment could be det 
In an effort to establish such a modification U 
would permit the introduction of a smaller quanut 
of silicon into the melt, a study of the effects of sin 
taneous additions of the silicon-manganese-zircon 
alloy and aluminum made. In another se! 
combined additions of several alloys containing va 
ing proportions of silicon manganese and zircon 
were studied, the objective being to determin: 
optimum proportions of these elements for maxin 


was 


improvement in machinability. However, compatris 
of the results of these experiments indicated that 
original 2.0 per cent addition of the 60 per 
silicon, 6 per cent manganese, 5 per cent zircon 
alloy as described above produces greater impro' 
ment in drill test machinability than could be 
tained in any of the modified treatments. 
Experimental results at this stage of the investi 
tion indicated that, aside from the well recog! 
expedient of annealing, significant improvement 
the machinability of the high phosphorus basé 
may be attained through a combination of high ca! 
and silicon contents with the introduction of app! 
imately 0.10 per cent zirconium. The presen 
sufficient manganese to adequately counteract 
carbide stabilizing tendency of sulphur is 2!so reo 
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Control of Microstructure Through Desulphurization 
and Alloy Additions 


In reviewing the literature it was observed that 


Boyles” reported the occurrence of a solt easily ma 


chining structure of ferrite and fine graphite in a 


synthetic cast iron having extremely iow sulphur and 


manganese contents. According to Boyles, the so-called 





ie & normal structure consisting of pearlite and flake 
5 graphite in gray irons is due largely to the presence ol 
é appreciabl quantities ot these two elements Cast 
‘s iron in the absence olf sulphur and manganese was 
; found to revert to a highly abnormal structure 
$ In view of these findings and their implications 
z regarding the prospect of improved machinability, a 
‘i study was made of the effects of ‘desulphurization 
= alone, and desulphurization plus alloy additions, upon 
w the structure and machining qualities of the base iron 
- The desulphurization of cast iron through treat 
a ment of the molten iron with a sodium carbonate slag 
p has been carried out as a routine procedure in com 
mercial foundries for many years. For this purpose 
E additions of fused sodium carbonate on the ordet 
3 of five to ten pounds per ton of molten iron art 
W commonly employed Im a semi-continuous process 
treatment 
\ preliminary test was made to determine the effes 
tiveness of this treatment under laboratory melting 
+— conditions (i.e., a small scale batch process as opposed 
ad to the large scale continuous foundry process). It was 
~ 0 - 7 - a0 : ey shown that initial sulphur contents on the order of 
PERCENT ADDITION OF 60% Si-6%Mn-5% Zr ALLOY 0.06 per cent could be reduced to 0.010 to 0.015 per 
cent by holding the molten iron at 2500 F under a 
Effect of increasing additions of 60 per cent Si, sodium carbonate slag equal to 2.5 per cent of the 
Mn, > per cent Zr alloy on proportion of cent of the weight of metal for a period of ten 
itrix structure of the 0.65 pe) cent phos minutes 
phorus base iron. In order to obtain data on the effects of low man 
ganese simultaneously with low sulphur contents, 
several “synthetic” heats wer prepared by melting 
is a significant factor in the treatment. The appropriate quantities of Armco ingot iron, ferrosili 
tstanding importance of control of sulphur content con and carbon black. In this manner it was possible 
| ed more fully in the section immediately to obtain a gray iron containing the usual quantities 
Q of carbon and silicon but with manganese and sulphur 
1ABLE 6—EFFECTS OF SODIUM CARBONATE DESULPHURIZATION AND ZIRCONIUM ALLOY ADDITIONS ON COMPOSITION 
AND MACHINABILITY 
. Composition, Per Cent 
§ : Chill 
\ A CI Si Mn S P Hardness! DIM Depth, In Remarks 
tl 1.54 2.48 0.59 0.059 0.61 B-95 50.2 0.12 Remelted base iron 
no additions 
17 4.39 9 93 0.58 0.014 0.63 0.116 B-88 70.6 0.37 Desulphurized plus 
1.0 addition 
$7 Zr-Si Alloy 
9 is 4.3] 2.17 0.55 0.010 0.63 0.098 B-90 62.3 0.43 Desulp! urized plus 
0.75 addition of 
13°, Zr-Fe-Si Alloy 
1.41 2.36 0.014 0.109 B-90 65.7 0.10 Same as above, 1.0% added 
0.112 B-84 76.2 0.10 Same as above, 1.0°%, added 
0.100 B-&" 726 0.12 Same as above. 1.0°%. added 
x Equivalent r.€ 0.3 (Si + P) 
vell “B” Scale 1/16-in. Ball Penetrator, 100 kg Load 


lest Machinability 
ium Ferrosilicon, Z 





millimeters penetration per minut¢ 
r-13%, Fe-43%, 


Si-40°% 


























Fig 7 Structure ot s nthetu lou sulphur, lou mira? 


’ - 


l.U per cent addition of 3, per cent 
Etched 11 oS pe cent nita 


magnification L00X% 


vanese iron tu th 


mrconitim rferrvosilicon 





contents on the order of 0.02 per cent to 0.03 per cent 
each. It was found that specimens of this “‘synthetic”’ 
iron containing 0.019 per cent sulphur and 0.030 per 
cent manganese possessed a microstructure of norma! 
graphite in a pearlitic matrix. However, metallo 
graphic examination revealed that the addition of 1.0 
per cent of 37 per cent zirconium-silicon alloy to this 
iron gave rise to the desired ferrite-fine graphite struc 
ture throughout the entire cross-section (Fig. 7 
Specimens treated in this manner showed higher 
machinability ratings than any as-cast samples yet 
produced (i.e., drill penetration values of 80 to 85 
mm per min. as compared to 50 mm per min. in the 
untreated base iron). 

Finally, experimental heats were prepared with 
zirconium alloy additions. The results of these exper! 
ments showing the effects of desulphurization and 
zirconium alloy additions are summarized in Table 6 

From the standpoints of economy, as well as prope 
ties of the treated iron, the combined desulphuriza 
tion-zirconium alloy addition treatment is definitely, 
superior to the straight silicon-manganese-zirconium 
alloy addition previously described. With carbon 
equivalent at the eutectic or slightly hypereutectic, th 
casting qualities and structure of the iron are far mor 
likely to be satisfactory. Consistent improvements in 
drill test machinability of 40 to 45 per cent over that 
of the untreated iron were obtained following the 
addition of 1.0 per cent of zirconium ferrosilicon. The 
microstructure of the base iron following this treat 
ment is shown in Fig. 8. 

The combined influences of low sulphur content 
and zirconium additions in producing the desired 
effect upon the microstructure and machinability of 
the base iron may be attributed to several factors. 
First of all, the elimination of a large portion of the 
sulphur, a known carbide stabilizer, enhances the 
metastability of combined carbon in the iron. This 
naturally allows the normal graphitization reaction, 
Fe,C > 3Fe +-C, to proceed with considerably less 
external stimulation. 








| $ ‘ Microstructure of 0.65 pe ent pil 
we won following combined desulphu 
yan alloy addition freatmenrt I f¢ hed 


cent nital, magnification 100X 


The addition of zirconium turther diminis|! 
effect of sulphur through formation of inert zirconiu 
sulphide (ZrS,) in the melt. The formation of 
conium sulphide in ferrous allovs was verified 
Feild?® who showed that zirconium combines 
oxygen, nitrogen, and sulphur, and also neutralizes 
a certain extent the embrittling effect of phospl 
in steels. 

Ihe refining action of zirconium upon the grapl 
structure of gray iron is also believed to be related t 
the formation zirconium carbide in the melt. Accor 
ing to Morrogh*® it has been shown that the additior 
of small quantities (less that 0.10 per cent) of 
conium to gray iron causes the formation of a comp! 
sulphide phase. When 0.10 to 0.20 per cent residu 
zirconium is present zirconium carbide (ZrC) appear 
In other words as long as an excess of sulphur is pres 
ent zirconium additions tend to form zirconium s 
phide in preference to the carbide. Once an excess 
zirconium is established over and above the amou 
required to form zirconium sulphide, zirconium 
bide is produced, and zirconium only seems to exe! 
a positive refining effect when this carbide phas 
present. This accounts nicely for the effects observ: 
in the present investigation. When low sulphur 
tents were maintained the presence of 0.10 per 
residual zirconium was sufficient to produce th 
fined graphite structure and the corresponding 
provement in machinability. 

It is pointed out that the experimental work 
scribed was done on a laboratory scale. Cost estimat 
based on this work indicate that the proposed desu 


ma’ 


phurization-zirconium alloy addition treatment 1 


be carried out at a cost of less than $2.50 per ton 
treated iron. The investigation is currently being 


; 


expanded to include full scale foundry tests, 20 
accepted tool life machinability evaluations 


Conclusions 


The following specific conclusions may be draw" 
from the results of this investigation. 








nhase 
phur 
ment 


abilit 
the 


0.10 





asive nature of steadite in high phos 
cast irons has been verified through micro 
sts of this constituent in comparison wit! 
tructural components of gray iron Mhis 
led that massive steadite approaches thx 
tree cementite 
attempt to alter the mode of occurrenc 
n gray iron it was found that additions of 
per cent of aluminum, calcium silicide 
im, or zirconium silicon, produced litt! 
change in the phosphide constituent 
control of microstructure in eray iron 
nealing was studied. A sub-critical anneal 
1400 F was shown to be satistactory tor the 
1 of the desired ferritic matrix structure 
irons containing no free cementite Ar 
np! ent of 85 per cent in the drill test machin 
ting resulted from the application of this 
to the base iron selected for investigation 
\ nvestigation was made of the possibility of 
the microstructure of this iron through 
nt of its carbon and silicon contents. It was 
it although additions of silicon carbide and a 
iry mixture of graphite and ferrosilicon pro 
ppreciably softer structures, the amounts of 
nts required to produce a ferritic structure 
excess of commercially practicable additions 
\ study was made of the effects of a variety of 
Wil iwents upon the properties and structure of 
base iron. These experiments indicated that an 
idition of zirconium sufficient to yield approximatels 
105 per cent residual zirconium would exert a bene 
il influence upon machinability of the base iron 
rovided the silicon content was maintained in the 
vealed that the addition of 0.10 per cent zirconium 
esidual) in the form of the 60 per cent silicon, 6 per 


ighborhood of 2.75-3.00 per cent. Further studies 


nt manganese, 5 per cent zirconium alloy produced 
still greater improvement in machinability. In the 
tter case additions of 2.0 pel cent ot this alloy con- 


ustently produced increases of from 40-45 per cent in 


lrill test machinability rating of the base iron 


Desulphurization of Base Iron 


. Desulphurization of the base iron, with and 
ithout alloy additions, formed the basis of the final 
hhases of the investigation. It was found that desul 
hhurization alone would produce appreciable improve 
ment in the machinability rating of the base iron (..e., 
in increase of 24 per cent over that of the untreated 
-_ 

In a series of “synthetic” irons having extremely 

w sulphur and manganese contents, as-cast machin- 
ibility ratings were essentially the same as those of 
the untreated base iron. However, the addition of 
1.10 per cent zirconium (residual) to this iron resulted 
nan outstanding improvement (86.5 per cent) in the 
drill test machinability rating. 

‘. Sodium carbonate desulphurization of the base 
ron to give a residual sulphur content of 0.010 to 
015 per cent followed by the addition of zirconium 
aS per cent zirconium ferrosilicon resulted in de- 
ided improvement in machinability. A 1.0 per cent 


rddition ot the I> pe cent Zirconium alloy was Show! 
to be suthcient to vield 0.10 per cent zirconium (resi 


dual) in the treated iron Specific conditions arising 


from low sulphur content and the zirconium addition 
were found to give rise to an improvement of 40-45 
per cent in the machinability of the base iron with 
but little alteration of its composiiuion ther that 


sulphur 
4y Il his treatment is believed to commercially 
practicable and may be carried out at an estimated 


cost of less than S250 per ton of treat rol 
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end of a tubular sample approximately | 
%-in. ID x 3-in. long. This sample could be mact 


author. If the turning test is made with some 
tool dynamometer, using a procedure which has re« 
developed for this work,” it is possible to obtai: 
machinability values based on the’ fundament 
quantities which govern the machining Operation 
the tests will not only indicate the relative benefit obt 
DISCUSSION a particular treatment but also the basic reason for 

Chairmar ] MacKenzir, American Cast Iron Pipe Co provement by its effect on either the coefficient of 
Birmingham, Ala the initial shear strength of the material § . on 

Co-Chairman: W. W. Levi, Lynchburg Foundry Co., Radford constant C (which indicates the rate of change 

Va with respect to compressive stress) Phus the 

O. W. Boston (Written Discussion):' The writer finds this only what happens but w/y 

paper to be a valuable contribution to the machinability study Furthermore the forces (or power) involved in meta 
of cast iron. The author lists three general methods of evaluat represent only one aspect of the complex quantit 
ing the machinability of the several heats and treatments of call machinability. In addition, and often of greate 
irons and summarizes them by listing (a) the drill penetration are the aspects of finish and tool life. While both 
tests b) the life of a carbide-tipped face milling cutter, and related to coefficient of friction, shear strength, and 

c) the tool life of a single point tool in turning. The writer ing constant, they are also influenced by other qu 
questions the value of the first test but in study of this same as work hardenability (which is usually measured by 
project in which the writer participated it was found that exponent and, in the case of tool life, by what m 
ratings based on tool life in turning with high speed steel tools the inherent abrasiveness of the material Thi 
did correspond favorably with the ratings obtained by the tually determined by the inherent hardness of the 
drill penetration test his will presumably be the subject of micro-constituents of the material at their operat 
a later paper by the author The conclusions arrived at by the ture. Obviously, tool life determinations cannot be 1 
author are believed to be of definite commercial value and are the laboratory scale stage of an investigation, sucl 
also of extreme interest by the author in this paper, but will be essential! 

Hans ERNST Written Discussion):? TDi Austin is to be the results of future full scale foundry tests. Ii 
congratulated on the presentation of a significant contribution that a particular treatment might appreciably 
to the literature of cast iron machining. His paper gives ample forces involved in machining by decreasing the she 
evidence of a painstaking research and a careful review of pre of the metal, vet, if it introduced a highly abrasive 
vious work by other investigators stituent, it might actually decrease the tool lite 

It is of particular interest to the writer to note that the \ word of caution seems in order with respect to 
improvements in machinability reported in the paper—as by first conclusion, namely that “The abrasive nature 
desulphurization and zirconium alloy additions—are associated in high-phosphorus gray cast irons has been verifi 
with increases in the percentage of ferrite in the matrix stru¢ micro-hardness tests of this constituent in comparisé 
ture, and that it therefore appears that such treatments may in other structural components of gray iron It must 
part be the equivalent of annealing, at a considerably lower that these micro-hardness tests were necessarily ma 
cost. This is also significant in that it substantiates the findings temperature, whereas the particles of steadite wh 
reported by Feild and Stansbury § that the relative machining contact the cutting tool are at a very high temperatt 
properties of various cast irons may be inferred from then on the order of 900 FT As Feild and Stansbury & h 
microstructure out: “Steadite is the iron-iron phosphide eutectic 

\ question evoked by the paper is whether the proposed is the lowest melting constituent present in the iroi 
treatment can be applied equally well to base irons of lower temperature at the tool point during the milling 
should be sufficient to reduce considerably the hard 


1 University of Michigan, Ann Arbor, Mich . : ; 
2The Cincinnati Milling Machine Co.. Cincinnati. Ohio steadite while cutting. This reduction in hardness 1 
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mising mvestigation 
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teresting from several viewpoints. It presents 


ce confirming the principle that microstructure 


position, controls the mechanical properties of 


ng on this premise he found several methods 


e properties of an iron generally considered un 


uction machining operations because of its high 
ent. It is worth repeating that the author found 
change the phosphorus content to improve the 
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he base iron changed the structure enough to 


mprovement Ihe treatments suggested should 


in many applications because they are inex 


est to students of that complex of properties 


bility that such useful information was ob 


ple drilling test Testing methods do not have 
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TENSILE PROPERTIES VS. COMPOSITION 
OF DOUBLE NORMALIZED CAST STEE 








H. A. Schwartz and W. K. Bock 












latter fits the tacts but it is certainly desira 


{BSTRACT 





some fundamental knowledge of the form of < 





The autho derived an empirical equation fo aiculating 





relation if one wishes to interpret the effect 





tensile strength of double normalized cast steel from its chemica 


several allovs. 








composition A critical survey of pertinent literature and ar 
evaluation of data was made by the authors. The paper deals A satistactory equation should: 
mly with double normalized acid electric and basic ope (a) agree as accurately as_ possibl 
oa servations, 
b) permit extrapolation to the tensile su 
Introduction pure iron with not too great an erro! 
IT IS OF OBVIOUS PRACTICAL IMPORTANCE to be (c) have a form having physical meaning 





(d) be, for practical reasons, reasonably sin 





able, if possible, to calculate the tensile strength ot 
normalized steel from its chemical composition. Wal 
ters' and Carapella? have recently published the ré 
sults of their ettorts in this field. We shall presently 
have occasion to discuss their results in greater detail 

Walters, by analogy with Grossman*, proceeded on 
the assumption that tensile strength is the product 





accurate to evaluate. 







ihe items are arranged in the order of impo 






at least for research use. For purely practical! 





cation (c) and (d) might be reversed. It is poss 
as will presently appear, that these requirements 
not compatible with one another 













of a base figure and certain functions of the concen Data 
trations of the several alloving elements. These func . 
The steels underlying this investigation hay 
tions are somewhat complex and were given in the : » 
previously described by Schwartz and Bock! 
form of graphs only, which were extended to represent ., ‘ . 
A tensile tests here used constitute a very small fra 
the basic observations. - : 
of the numerical data used in that paper. [hx 
Carapella, on the other hand, proceeded trom ce! : on oi . ; 
; . x of McQuaid-Ehn grain size in this connecti 
tain basic assumptions as to the relation of Brinell ‘ , 
highly questionable in the light of more recent k 







hardness in the normalized state, to tensile strength, 





edge’. We can no longer re-study the steels int 





















of the Brinell number normalized to that of marten- tee of ealat aineien alt eee 
site of the same composition in terms of the natural we cose af seein thee composition ‘ine 
logarithm of Grossman's ideal critical diameter? and rai he Biecs : : 
: , . : calculated hardenability and tensile strengths ai 
the Brinell hardness of martensite as a function of ieee Se elite 2 Walla © clues dais he tens 
: : ; . »ined in Table 1. Table 2 gives data as to the te 
the natural logarithm of carbon. He derived certain strength elongation relation. -The tensile propet 
constants necessary for his equation from a study of oan oa average ot enee specimens aienaiieed 1 
25 steels varying greatly in hardenability. 900 C (1650° F) and natuieialiieal from 8% 
Although Walters and Carapella’s expressions seem (1510° F). Both acid electric and basic open heat 
to have little in common, it is true that on expanding ban eps cial oan’ ‘n dif 
, : p : ‘ steels were used. Specimens were about | in. in di 
the latter’s equation, a product involving carbon con- seer wihen, lennk- tonateil 
tent and hardenability appears, and since ideal critical The statistical atin of the data for both! 
diameter is the product of a series of factors (Gross- . : . X ole 2 
: a we ae De sile strength and elongation and for both singi¢# 
man loc.cit) some degree of similarity is implicit. deubde cermaiinnd eal tadicosel Git om 
It is not indispensable for practical use to have a a . : ; noble fi 
i all - ef P ‘vical ti “th significant difference between single and double 
well su rted basis for an empirical equation e os ; «Fone 
as I q =s malizing for tensile strength, but there is a diff 


aici ati ‘ ‘ deals only 
* Respectively Manager of Research and Research Engineer in for elongation. The peesees: paper lea 


the Research Laboratory of the National Malleable and Steel 
Castings Company, Cleveland, Ohio 
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double normalized material, partly because the! 
are more predictable. The elongation of the 
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(‘HEMICAL ANALYSIS AND PROPERTIES 
OF STEELS STUDIED 
Lensile 
Grain Strengt! 
N ( Mo \ ( Siz D Ps 
02 0 7 a 27 1O0.04°F 
t ? Le i ; 60 10.120 
0] 0 0 10 XS 10.700 
{ 0 yo 30) 0 0 is 8.530 
16 4 %G 04 ) 423 14.59 
I 7 OY LO 4 ) 5 1.4 917 
~ OS 4 10 l 0.48 xg 
{ S 9 99 0 10 2.12 gg 
~ 02 0 0 lt q 1.3 QR 
ya 1.44 17 15 i2 8 6.50 17.300 
6 1.00 04 27 02 4 229 11.255 
“) 68 05 on OO s 5.57 12.78 
16 1.12 09 6 5.77 15.300 
; 
8 12 12 O08 |! ll 8 3.50 15.15 
’ ) 0a Ob +! 12 Ss $46 614.750 
: 4 «1.33 33 10 12 10 424 15.800 
| OR 16 21 OY 25 8 5.607 13.265 
4 04 07 03 0% q 1.69 10.595 
% O7 11 ll 1.64 4 845 14.375 
0 OS + OY 05 4 1.65 11.480 
i] 06 i8 ll 02 8 §46) «129.635 
60 12 05 34 x] q) 18S 15.890 
R3 Ol 02 06 10 8 1.59 11.140 
R8 02 02 19 5 LO 520 «612.570 
75 03 Ol lo ll 10 1.35 YQ O55 
~ 551 8+ 0.72 7.860 
9 9 604 8+ 0.69 7.440 
) FI it 1700° | +Assumed 
d steel was, in general, decidedly lower than 
the double normalized, and more erratic. 
Since some difficulty was encountered in locating 
ive at its lower end, the above data were suppl 
mented with the average data for two groups of grade 
8” steels, each containing some 50 heats 
Evaiuvation of Data 
significance of this paper lies entirely in the 
ition of these data. The problem is merely one 
bf curve fitting, selecting*a form of relationship and 
rmining (except for transcendental functions) by 
squares, the appropriate constants. The details 
re enormously voluminous and cannot be repro 
ed here. For many of the calculations we are 
mdebted to James V. Anthony of this laboratory. It 
issumed that the foundry reader will not be inter- 
ed in the purely mathematical manipulations in- 
molved and these are here almost completely omitted 


r simplicity’s sake. 
[he first and simplest assumption was that equal 
crements of concentrations of a given element added 
jually to tensile strength regardiess of what was 
lready present. It is already well known that tests in 
hich all elements are held constant and carbon (for 
kample) alone varied, do not indicate that this form 
Bf equation has merit. Reasons for its inclusion will 
ppear later. This yields the following equation: 
r 1.03379 1. 0.14496 GC + 0.00738 Si 
04175Mn 0.01287 Ni +- 0.05609 Cr 
06206 Mo -+- 0.08938 V +. 0.01700 Cu (1) 
é, and throughout, T is in 10,000 psi units and the 
mbols of the elements indicate their concentrations 
er cent. The standard error of fit is 2.51, 


which is too high tor utlitv,. and the \trapolated 
tensile strength tor iron (constant term of the equa 
tion) IS negative Ihe linear relation thus has no 
merit e€xce pt as a starting point 

\ word of explanation as to the term “standard 
error ot fit lhis is a term used in statistics as th 
measure of the deeree of scatter of observations about 
i trend line Its mathematical significance need not 
be here discussed but the reader can realize its sig 
nificance by remembering that about 68 per cent of 
ill observations will fall less than the standard erron 
iwav from the trend line (or from the results cal 
lated by the equation in question 

Successive attempts to improve the fit will now be 
outlined 

\ plot of the deviation of kg | wainst harden 
abilitv indicated the need of a term for hardenability 


ind a new equation was derived thus 


Te 1.45479 + 0.1517 D +- 0.14496 ¢ 
0.00738 Si + 0.04175 Mn +- 0.01287 N 
0.05609 Cr + 0.06206 Mo + 0.08938 } 
0.01700 Cu 


Here D is the Grossman ideal critical diameter u 
inches 

The extrapolation to pure Iron Is still bad but the 
standard error of fit has been reduced to 0.839. The 
introduction of D, which must be calculated, has 


added to the labor of calculation very greatly 


- 


LE xce pt insofar as D contains a factor ( 


iq 
2) is a linear function of carbon, whereas the data 
for the tensile strength of normalized steels 4 over a 
long carbon range, indicates that carbon should enter 
about as the 2/5 powe1 


Graphically it appeared that we were not so 


( 
much concerned with C as with yp and the equation 


) 


TABLE 2 MECHANICAL PROPERTIES OF 
STEELS STUDIED 





Tensile lensile Calculated 
No Strengt! Elongation from Composition I 
10.6 210 ll.4 
2 10.2 25.0 10.1] 
10.7 20.5 11.1 
| 8.6 25 8 5.8 
15.0 12.8 14.4 
6 RR 430.0 96 
7 90 "6.5 5B. 
8 10.1 23.3 97 
a 99 93 96 
10 18.9 18 16.8 
1] 11.2 13.9 10.3 
12 12.5 19.5 12.6 
13 13.8 15.5 16.0 
14 144 12.5 14 
15 14.6 15.5 14.5 
16 16.3 12.8 14.4 
17 12.4 18.5 15.0 
18 10.6 99 8 10.9 
19 13.4 15.0 13.9 
0 11.8 21.8 13.0 
21 12.4 16.3 12.9 
22 15.7 8.5 15.3 
93 10.8 18.8 108 
24 13.1 11.5 13.3 
or, 96 19.5 9.7 
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e —— er daar "7 & ( ioe 
/ 0.6907; 0.1577 D 0.17502 ( ) 
D 
0.04615 Si 0.04467 Mn 0.01155 Ni 
0.04616 C) 0.05320 Mo 0.03163 I 
0.01225 Cu 
results. 


The standard error of fit has increased to 0.952 


but the extrapolated .iron strength has become posi 


Live, though still far too low. The deviations of the 


observations trom kq. (3) were found not to be corre 


C\ 0.8 
lated with grain size. The term containing (;;) 


greatly adds to the labor of computation. Except fol 
the insignificant improvement for pure iron Eq. (3) 
is a step backward trom Eq. (2). 

\ plot of I, against the observed values of tensile 
strength (I) indicated that the curve was S-shaped 


and an attempt was made to find a “powei function” 


of IT. which should better fit the results. 
Che relation: 
/ 34.339 8.404 T. 0.808 T 2 0.022 T.3 
i o > (4) 


Was developed. 

Ihe form of Eq. (4) is completely empirical and 
cannot have physical meaning tor I, has a minimum 
is about 7.5 and a max 
18.4). The ten 


0.69577) comes 


(about 7.5) when IT, 


16.3 when JT, 


value 


imum (about is about 
sile strength of pure iron (when T, 
out very much higher than the lower carbon and 


manganese the 
Except by graphic means it is not easy to use, 


lowe steels of table (ITs 74+ ol 
7.9+). 
and its only value here is in leading to the next step. 
The standard error of fit is, however, 0.730, the best 


so far encountered. 

[his brings one to the point of looking for a curve 
whose form will correct for the fact that Eq. (1) or (2) 
low results at low alloy content and high results 


that 


o1Vve 


at high alloy content. It nice also if 


would be 
curve did not necessitate using D, which would greatly 
simplify the calculation. 


The 


statistical analysis of various forms of curves 


c. 
which suggested themselves showed that(— J S could 


be dispensed with, but not D itself; hence one must 


go back and compute a relation between T, and a 
will call ‘J 


any 


new calculated value of T, which we 


The 


reasoned process but was selected as a curve which best 


form of relation chosen is not related to 


fits the observations. Ihe reason for insisting on a 
mathematical equation rather than on a curve put in 
by inspection is to secure a graph which interpolates 
(and extrapolates to some degree) according to a uni 
form system. 

Leaving out all the intervening mathematical rou 
tine, the following equation was selected 
12.24) 
5.17 e r 


0.20 T. 


T. = 12.28 dx. (3 


The formidable but 
tables exist for evaluating the integral ®. Alternatively 


we can plot, as in Fig. 1, the line having the equation 


expression is of appearance 


TD ENSILI 





PROPERTIES OF DoUuBLE NORMALIz 





oa ar 











CALCULATED TENSILE (lIOOOOPS},) 








~ 14 5479+0.1517D10.14496 C+0.00736 Si+0.04175 Mn+0 01287NH40.056.09 Cr+0.06206Mo+0.08936V+0.01700 Cu 














10 IS 
OBSERVED TENSILE 
(10000 PSI.) 








Fig. 1 


and read the values of I. corresponding to an 
of T.. 

The standard error of fit of this ex pression 
but the strength of pure iron corresponding 


14.5479, is far too high, 7.66. 


In Fig. 1 the tensile strengths calculated tro 
(5) are plotted against those which have b 
served. The radii of the circles represent 


several heats are twice the average standard de 


of the tensile strength observation, i.e., about 
and indicate the range within which the true o 
values almost certainly fall. ‘The 
“Grade B” data are small since these 


CIFCcles 


obse rve 
are the average of many observations. Circles 
horizontal diameters do not touch the trend 
made extra heavy. The line represents thi 
ship of equation Eq. (5). 

Ihe scatter of points about the line in Fig 
nearly random that if some other function of | 
substituted, no great improvement in fit could 


expected. 


Comparison With Walters and Carapella 


It now seems in order to compare the accurac 


which our equations predict results with the a 

of prediction of the equations of the earlicr wor 
It must not be forgotten that our work pertains | 
metal and theirs to rolled products. Applying Wé 
methods to our data, one is somewhat handicap? 


by difficulties in reading off values from th: | 
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did not choose to give equations tor 
use, aS he said in discussion, he did not 
his observations into the straight-jacket 
apparently did not consider that when 
sented by a line considered to fit them 

tion is assumed whether its form is dé 
tt. An algebraic expression is less sub 

f interpretation than a curve 
may, working as carefully as we could, 
lation has a standard error of fit of 1.46. 
in streneth for our 27 steels 0.451 lowei 
rved mean. If 0.451 were added to each 
ted values the standard error would be 
9. Since Fis method begins with an 
for iron, it of course reproduces that 
Tr No further checks as to details are 
ic method requires considerable calcu 

h less than ours. 

Carat s equation, as published, is the simplest 
ly but has a standard error of fit of 0.990. 
Carapella’s coefhcients, new ones are calcu 
our own data for the relation of tensile 
bengt hardness, which differ slightly from his, 
ting new values of his constants A and B 
; r the best possible fit, we obtain an expres 


rm in our units: 


10.901 In C + 15.8324 


0.836 ln D + 3.13980 


standard error of 0.972. 

L’Hospital’s rule” the value of this expression in 
kc absence ot any alloy is about 10.0, indicating 
be rapid failure of this form of equation to predict 
¢ strengths of the lowei carbon and unalloyed steels. 
Our Eq. (5) seems to reproduce our observations 

distinctly greater accuracy than either of the pub- 
shed relationships, even when these are modified as 
nay to fit our data. Our form extrapolates 

bward pure iron better than Carapella’s but not so 
ell as Walters’. It requires that the presence of about 
035 per cent each of phosphorus and sulphur, and 
be existing average amounts of undetermined resid 


i Sn, B, Ti, Al, Ov, Ne, He and perhaps others 


se the tensile strength of otherwise pure. iron to 
mort 9 7 & we A “4 y > : 
: ing like 7.5 (75000 psi). We do not like this 
sumption but cannot avoid it. 


[he standard error of fit of 0.634 is made up of the 
dard deviation of our tensile results, about 0.325 
ictual standard error of fit of the equation. 
standard error of fit of our equation compared 
ertectly exact tensile observations, or the ave 
very larger number of tests, is about 0.55. 
not a study of the properties of forged steels 
ere made on the identical material used in 
tigation after being forged (reduction about 
nt) and then double normalized. The 
ngth of the numbered steels, except No. 20, aver 
) psi; i.e., 1.033 in our notation, highet 
ng. This will serve as some guide in corre 
ng data with data on rolled products, whose 
is, Of course, much greater. 
efhcients of Eq. (2) furthermore bear not 
ilitative relation to the separate effects of 


some of the elements as shown graphically by French 
However, the relation which converts | to | iS 
curved. Lhe effect of this is to introduce into the final 
relation the conce pt that the effect of a given amount 


ot a given element ce pe nds on what else is present 


Relation of Tensile Strength to Elongation 

We have considerable indication of the relation of 
tensile strength and elongation of normalized steels 
which prompted us to believe that a logarithmic tune 
tion was indicated 

Using actual observed tensile strength, | and elonga 
tion, E of double normalized specimens, we obtain 

log E— 1.965 —0.06025 1 6) 

where F is in per cent and T as betore, in 10,000 psi 
units. This equation has a standard error of about 
2.6". 

In practice one needs to know the elongation be 
fore anv tests are made so a calculated tensile strength 


must be used. One then gets 


log I 1.925 — 0.05648 7 (7) 
The standard error of fit has risen to 3.5*. A cor 
rection which assumed that kg (7) should have a 


term correcting for hardenability did not materially 
improve matters. 

Some improvement in accuracy ol prediction would 
seem desirable. By graphic and statistical attack it 
was developed that the differences between values 
calculated from Eq. (6) or (7) were not definitely 
capable of correlation with any variable other than 
C, Si and Mn. 

Successive corrections fol these elements were calcu 


lated, which when applied to Eq. (6) and (7) yield 


Log I 2 O28 0.06025 7 0.00156 Si 
0.00091 Mn O00255 € (8) 
and 
Log I ? O04 0.05648 Ts O.00T08 Si 
g ai 
0.00120 Mn 0.00445 € (9) 


Ihe standard errors* are now 1.8 and 2.76 respec 
tively. It is unlikely that further improvement could 
be secured unless other variables not so far considered 


can be discovered. 


Practical Application 

The practical use fon which this study was carried 
out has already been stated in the first sentence of the 
introduction. Obviously it ts important to be able to 
predict the strength of a steel, or its elongation, from 
its composition. 

The reverse problem is, of course, meaningless, for 
plainly there are innumerable combinations of con- 
centrations which when set in Eq. (2) give the same 
value of T, and hence the same value of I, from 
Eq. (5). 

Generally the problem is considerably simpler. One 
mav wish to know what the effect of the addition of a 
given amount of some alloy to (say) a plain carbon 
steel will be. 

It is easy to calculate T, with and without the 


added allovs (residuals cannot be disregarded) and 


*The standard errors given for Eq. (6) to (9) inclusive are 
those calculated for E; not. those for log E as our phraseology 


might readily be interpreted 
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insert the two values in kg. (5) and so get IT. with 
and without the alloy lhe difference is the im 
provement 

Note further that it the tensile strength without 
the alloy is Known trom experience, the result obtained 
by adding the difference of the I-s with and without 
the alloy, is mere reliable than the abstract calculation 

Since the contribution made by the second term on 
the right of Eq. (2) depends on all the elements, 
moderate changes in a single element do not greatly 
atlect I. via the term in D. 

It is, theretore, fairly easy to calculate how much 
a given element must be changed to produce a given 
change in strength. From the existing composition 
calculate I, and by Fig. 1 find the corresponding I., 
change this by the amount desired and obtain, again 
from the figure, the needed value of T,. The differ 
ence between the original and altered values of T, 
divided by the appropriate coefficient of the element 
to be changed, as shown in Eq. (2), gives the required 
change of concentration. 

If Eq. (6) an (7) were rigidly exact it would mean 
that regardless of composition a double normalized 


steel of given tensile strength could have but one 


elongation. The corrections made in obtaining Eq. 
(8) and (9) indicate the extent to which departures 
from this rigid proportionality are possible. 

For a given value of tensile strength we have, even 
with the corrections of kq. (5), a given value of I. 
Neglecting the effect on D the substitution of 4 
parts of carbon for 14.50 of manganese, or of 4 


) 


17 
175 


) 
parts of silicon for 0.738 of manganese, is without 
effect on I, as indicated by Eq. (2). It is not, how- 
ever, without effect on elongation even if the strength 
does not change. 

From Eq. (9) the removal of 4.175 units of carbon 
increases log E by about 0.019 and the addition of 14.5 
parts of Mn further increases it by 0.017, making a 
total increase of 0.036, which represents multiplying 
the original elongation by about 1.08. That an in- 
crease in elongation would occur could have been 
quickly predicted since the algebraic sign of the terms 
in C and Mn in Eq. (9) are opposite so that compen- 
sating changes of the two, for strength, are cumulative 
fer elongation. 

ihe substitution of carbon for silicon is, however, 
to some extent compensating. From Eq. (2) 14.5 
parts of silicon may be substituted for 0.738 parts of 
carbon without change of strength. The addition of 
14.5 units of Si, from Eq. (9), decreases log E by 
0.0157 and the removal of 0.738 units of carbon in- 
creases log E by 0.0033, a net decrease of 0.0124, and 
the substitution is undesirable from the viewpoint of 
elongation. 

For precise work a calculation including the changes 
in D would be required. 

We are somewhat inclined to apologize for inserting 
a section showing the reader the mere arithmetical 
consequences of our equations. He can make these 
and many others of the same type for himself. 

One may add another practical word of caution. 
The relation exemplified in Eq. (5) and in Fig. 1 
indicates that the question of how much the addition 
of a given amount of an alloy will alter the properties 


LENSILE PROPERTIES OF DOUBLE NORMALIZ} 


ot steel (in general), is unanswerable. I) 
only upon the individual concentration 
ponent separately but upon their joint eff 
That we have been able to produce 
prediction with even considerable unce: 
complicated a field, seems to us to be 


ward ste Pp 
Conclusions 


We conclude that the mathematical re] 
sile strength to chemical composition of 
and untempered cast steel specimens wl! 


our observations 


where x is —2.738 — 0.03034 D — 0.028999 
0.001476 Si 0.008350 Mn — 0.002574 \ 
0.0011218 Cr — 0.0012412 Mo + 0.001787 

0.005400 Cu. 

Here 7 is in 10,000 psi units, ) in inches 

concentration of the elements is in 0.0! px 

The equation is a simple transtormation ot Eq 
One should not base too many theoretical co 

sions upon the form of an empirically deten 

curve but if agreement with this form should | 
dence that the form is correct, then: 

The tensile strength of normalized steels appro 
maximum and minimum values asymptoticall) 
the effect of a given increment of a given ele 
cannot be related directly to the amount of that 
ment already present but depends upon the cu 
tive effect of all the concentrations and of their ef 

as factors) on hardenability. 

Our equation, although apparently it has the lo 
standard error of fit of all the suggested torms 
leaves much to be desired with regard to the precis 
of its predictions. This precision is not likely 
improved by further attempts to find a better form 
An investigation of the potency of variables not s 
far included is a more likely approach to improvement 

We offer no explanation as to why the tensik 
strength should logically involve the probability int 
gral function, nor can we account quantitatively tor 
the relative values of the several coefficients b\ 
simple atomic property. 

It mav be merely coincidence that the eleme 
forming metallic carbides have relatively hig! 
efficients. 

Elongations can be calculated most accurately |! 
known tensile strengths, especially if recognitior 
taken of C, Si and Mn concentrations. Calculat 
from composition alone using the equation 

Log FE 2.004 — 0.05648 T- — 0.00108 5 
0.00120 Mn — 0.00445 C 


possess considerable utility. 
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CAN CASTINGS BE ENGINEERED? 


By 


,. Tatnall* 


{1BSTRACI 


} 


ribes thin wire strain gages and strain gage 
He 


analysis in 


Thee 


technique 


author dese 


for analyzing strain in metal components also 
brittle com 


The 


outlines in the paper a procedure for design improvement 


discusses lacquer technique for stress 
ponents to show where design improvements are necessary 


autho 

LHE APPLICATION to casting design of the re 
sults of stress measurements is a comparatively recent 
You 


the instrumentation described a new tool 


development in the “engineering of castings.” 
will find in 
for the foundry which might become a useful as well 
as revolutionary approach to design improvement in 
castings. 

So as to let invention have full play, it seems logical 
to first describe the instrument in basic fundamentals 
and simple language, and then to suggest possible 
usage. 

\ wire 1 
thickness 
hardly 


end of the coil, vou might as well throw the whole 


is one-third the 
that you can 


if vou lose the 


in diametet 
hair, fine 
When working with it, 


roooths inch 


of the human so 


see At. 
spool away. 


Versatile Measuring Means 


If 5 in. 
tion be fixed to a piece of thin paper like cigarette 
paper, with a plastic cement like Duco, in the form 


of a grid, like Fig. 1, and if its ends be attached with 


of such wire of copper-nickel composi 


a drop of solder to heavier wires leading to an ex 
find that you have the most 
surprisingly versatile measuring means of all time. 


ternal circuit, you will 


Ihe elongated grid cancels all components of strain 
other than that along its axis, as a good component 
divider should do. 

Ihe cement holds the wire on its carrier, the paper 
strip, like concrete holds a reinforcing rod. Since the 
tiny wire has a surface area in an inch of length equal 
2000 its cross-section, the cement finds its 
grip so much stronger than the wire that, 
kind of a surface, it can stretch the 
wire as the surface stretched or compress the wire and 


to times 


when 


bonded to any 


Testing Research, The Baldwin Locomotive 


Pa 


* Manager of 
Works, Eddvystone, 


prevent its buckling, and at the same time elect: 
the from the 
When the bonding agent is thus stro 


insulate wire surface to which 
bonded. 0 
than the wire, the wire is accurately deformed as : 
This is the key 


cement directs. to this whole syst 


of measurement. 

When the wire is stretched or compressed it ) 
ally changes in both length and cross-section, in 
ing resistance as it stretches or decreasing resista 
as it compresses. The paper, which is acting only 
convenient means of carrying the wire, does not e 
into the operation. 

This wire gage is so small, so light, so flat that 
does not change the weight, balance or natural 
quency of the fabricated or cast part to which 
attached. It is sensitive to changes in length ol 
millionth per inch, and faithf 
follow vibrations exceeding 50,000 cycles per secor 
When applied with the proper cementing techniq 
its accuracy is right in line with the best of measur 
instruments. Commercial applications with | pet 


of an inch can 


accuracy are common. 
By “proper technique” is meant a cementing pi 
ess which requires a little more care, but not too m 
more, than that of fixing a postage stamp to a lette 
Technique is a short way of saying “learn 


doing it.” 


Strain Gage Factor 


Such a “postage stamp” gage or patch becomes s 
cheap and easily applied that numbers of them ca! 
be plastered all over a casting, assembly or structu! 
to show up regions of maximum strain, maxim! 
shear, and direction of principal strains either 
static test or in service tests while measuring accele 
tion, repeated loading, impact, water hammer, €X| 
sions, or centrifugal forces, and give such 
coverage that peak values do not escape. 

Strains appear in terms of electrical 
changes, which are readily measured with 
To get resistance valu’ 
which 


thorot 


esistalt 
commer 
cially available apparatus. 
back to strain again, a gage factor 1s used 
simply the ratio of “change in resistance to 
strain.” For copper-nickel wire this is a « 


a 


hange i 
nvement 





suri 


‘ata ian 





) 


This tactor “2” is a good figure It 
sistance changes just twice as fast as 
lever. Also it represents a condition ot 

me in the strained wire in the plastic 
the gage can be stre tched ol compre ssed 
mount ot 3 or 4 pei cent and be restored 


d ready to go again, and at the sam« 


factor remains unchanged at “2” 
his plastic deftormation range 
»wws why the gage tactor should be 2 o1 


differ with different metallic composi 
> tor chrome-nickel-moly wire). With 
io at 0.3, geometry would indicate that 
of | unit, the gage factor should be 1.7 
be something beside geometry involved, 


it is, it is amazingly precise and un 


ike to use the largest gage tactor possible 
ice the amount of electrical amplification 
yperate commercial electrical instruments 


j ter 
~ VilviviCc LOL 


irom the gage outpu Because of the n 
perature coethcient of resistance of coppel nickel wire 
we must be content with its small vage tactor to gall 


the advantage olf temperature stability 


This leads to the matter of temperature compensa 


tion tor gages, a matter of first importane but to 
tunately Quit eCasv to achieve Strain il t part unde! 
test is detected by the gage not only as the strain du 
to stress, but also as the strain due to temperatul 


change which latter causes thi part to expand or cor 


tract \ so-called “dummy” gage unscrambles the t 

when measuring in tensior compression. Gages back 
to-back in bending will do the same thin loexplau 
this, the fundamental gage circuit must be described 


) 


ind can be best shown as an hydraulic analogy (Fig. 2 

When a pump discharges water into a line which 
branches into two identical smaller lines, the fluid 
flow in each branch is equal and there is no differen 
tial pressure indicated by the gage G. By opening o1 
closing valves A, B, C and D some interesting flow 
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conditions are observed. For instance, to force more 
flow through B, partly close valve A. If, on the other 
hand, A and B are both either closed or opened an 
equal amount, the flow is again equally divided be 
tween the branches and the gage reads nothing. Try 
opening A full and closing on B, both actions add up 
in increasing the flow through A, doubling it, in fact. 
Che effect on the differential pressure of opening or 
closing valve D is the same as for valve A, as can be 
seen by simply tracing the flow lines. By the same 
token, valve C acts the same as valve B. Hence, open- 
ing A and D and closing B and C quadruples the 
pressure differential. 

In Fig. 2 think of the pump as a battery, the pipes 
as wires and the pressure gage as a millivoltmeter. 
Ihe wire gages in the place of the valves completes a 
conventional wheatstone bridge circuit, in which the 
gages actually become valves, tension in the gage in- 
creasing its resistance which is the equivalent of clos 
ing the valve, compression opening it. Ihe gages are 
far better than valves, they are inertialess and can be 
opened and closed with almost infinite speed, and 
precision 

Phis circuit can be temperature compensated easily. 
If A is the active gage, use B as a dummy by cement- 
ing it to unstressed material of the same kind and at 
the same temperature as that which carried gage A. 
A measures the strain due to stress plus the strain due 
to temperature change, while B (unstressed) measures 
strain due to temperature change only. So both valves 
are opened and closed together by temperature change 
thus cancelling its effect and leaving the stress re 
sponse of A alone to be indicated on the millivolt 
meter as unbalance due to external load. 

When gages can be placed back-to-back in bending, 
automatic temperature compensation is obtained to- 
gether with double output of the bridge. Take the 
cantilever beam of Fig. 3. Bending the beam down- 
ward puts the top gage A in tension and the bottom 
gage B in compression, the equivalent of opening 
valve B, closing valve A. But change of length of the 
beam due to temperature change will affect both gages 
alike, automatically cancelling out temperature, since 
gages are connected as in Fig. 2. 

A cantilever beam like this when loaded at its free 
end serves nicely as a load weighing unit such as a 
dynamometer or scale. Four gages instead of two will 
again double the sensitivity of the beam (or four 
times the effect of a single gage). If the beam can be 
made quite flexible capable of tip travel of an inch or 
two, bridge output can be calibrated in terms of de- 
flection, so the simple device becomes a deflectometer. 
If a weight be fixed on a beam end and the device 
calibrated in terms of acceleration we have an ac- 
celerometer. 


Load Sensitive Devices 


Load sensitive devices can take many convenient 
forms. Take a loop, for instance, such as a ball bear- 
ing race with gages back-to-back at points of max- 
imum bending moment, Fig. 4 (a), (a bridge with four 
arms active), or if this is too stiff, cut half the loop 


Can CASTINGS Br 


away, leaving a C-loop with two gages acti 
or it a loop be tound too limber, use a 
with gages on two sides to average strail 
Such a connection, A and A! in series, B a 
mies, measured axial load, elimiaates 
opposed to the cantilever beam circuit whik 
bending, eliminates axial components. 

lo handle shear components or torqu 
mind that gages only measure along th: 
becomes necessary to use a slightly differen: 
ment. Torsion in a shaft, for instance, 
be measured if gages are placed at 45 


‘iCal 


planes since this is the direction of tension ay 


compression components in a_ twisted shaft. Th 
symmetrical arrangement of four gages provides a com 
plete active bridge, Fig. 5. To indicate horsepower 
directly, the output of an electric tachometer can 
fed into the circuit. Torsional vibration as wel] 
static torque can be measured readily. 

The gages can be arranged to measure fluid and ¢ 
pressures just as easily. Pressure changes in a pipe are 
accompanied by extremely small changes in pip 
diameter. Wire gages, measuring in millionths of a 
inch readily pick up these hoop strains in terms of 
fluid pressure. Figure 6 is the gage arrangement 
wherein gage A and gage D on opposite sides of t} 
pipe are sensitive to diameter change; gages B and ( 
(C on rear of pipe) cemented longitudinally ar 
strained, except to the extent of Poisson’s ratio 
serve as temperature compensators. This type of pres 
sure surges and explosions as well as static pressures 
Diesel engine indicators have been made in this wa 
as weil as gun barrel pressure measurements. 


Measurement of Residual Stresses 


A unique use of gages of interest to foundrymen is 
in the measurement of residual stresses. Again the 
application is simple and straightforward. If a gage 
be fixed to the part to be investigated and a small dix 
or piece be cut from the part directly under the gage 
by drilling small holes in a circle around the gage 
the strain relaxation indicated by the gage when the 
small piece is separated from the body of the part 
a measure of the locked-up strain. 

When gages are wound on paper impregnated with 
phenolic resin and mounted with bakelite cement in 
stead of the usual Duco or cellulose nitrate cement 
they can be used at elevated temperatures up to 500F 
if the exposure is not too long, or for slightly lowe 
temperatures for long duration exposure. 

Then there are dual lead gages especially good for 
severe vibratory conditions, spiral gages for use o 
diaphragms, bi-axial gages that measure stress direct!) 
and many other forms including some wound on 4 
ceramic base, instead of paper, good dynamically up 
to 1500 F and others made of special ductile materials 
good up to 20 per cent elongation. 

Finally there are the multiple gage groups known 
as rosettes, for determining not only the magnitude 
of principal strains but their direction as well, d 
termined by extremely simple graphical! solution. Gage 
so used are mounted together in a fan or delta # 
rangement, Fig. 7. 
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(Courtesy, Edward Valves, Inc., East Chicago, Ind.) 


Strain gage testing a large valve. Man with pump at left is simulating pipe line stresses. Man with 
at right ts applying internal line pressure to valve. Man at instruments ts reading strains in casting. 
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\uxiliary equipment to switch, indicate and record using a testing machine, or hvdrauli 
strain gage bridge unbalance has been devs loped com other conventional loading means. Thj 
mercially in adequati variety with good characteristics determine whether all members are talk 
and in package units, so it Is only necessary to connect share of the load and if not to correct 
bridge leads to marked binding posts. Many gag redistributing material and stresses. It 
users devise their own circuits and auxiliaries and more effective to reduce stress peaks 
advice is available trom many quarters tributing stresses without increasing we 

It would seem that « nough ot the bare {undamentals to ‘‘beel up” and let the stress concentrat 
10% technique have been cited An accepted method of ex periment 


= 


of this bonded wire g: 
to stimulate the imagination otf engineers and suggest analvsis is the use of stresscoat, a britt| 
solutions to problems which heretofore have seemed which provides a crack pattern under 
difhecult. Experience indicates this has been the cas not only gives a qualitative overall stres 
sO frequently in the recent past. Ingenious adapta but points out where to put wire stra 
tions in experimental stress analysis, in built-in meas [hese latter will provide the quantitatiy 
uring devices, schemes for regulation and control, and at points of maximum stress as needed fo 
tens of thousands of clean-cut engineering uses in all improvement. 

fields from medical research to the solution of routine t. Having logged the stress level in 
industrial problems have been enthusiastically dé structure it is next in line to determine 
scribed in current technical literature. It illustrates this level is safe or dangerous under dyna 
the axiom that simple things are best, for nothing ditions of simulated service. A life test o: 
could be simpler than the bonded wire gage and test of the parts or components evaluat: 
nothing has enjoyed a more varied usage. things: 

\ few fields of engineering have not vet done much (a) The notch sensitivity of the materia 
with the gage. The foundrymen’s is one of these in points out the safeness of the stress ley 
which we can find little evidence of much application, part. 
although an increasing activity is noted of late, re (b) Shows up design flaws or stress raisers 
vealed in an official search for strain gage data on (c) Evaluates workmanship in connections 
castings. continuities and surface finish conditions 
If the reader of this paper has not by this tim (d) It furnishes a dynamic proof test, provi 


captured a mental picture of a service this gage could adequate fatigue strength for the service intend 


perform, the first use that would occur to the author providing a good load analysis has been mad 
would be in the design improvement in castings the part is loaded as it will be in service 
There is talk these days of reducing the height of ribs \s to castings, if it is always borne in mind 
and spreading them out or making a real effort to do stress flows in a part like fluid in a duct, a visual ex 
without them at all. There is the flange and bolt prob ination of contours will give some idea whether stres 
lem where the gage has served well, the residual stress can be poured smoothly through the casting 
studies, the studies of castings in service, impact, fa whether turbulence (stress concentrations) will 
tigue, stress raiser elimination, the detection of “‘de And while looking at a casting why not trv to visu 
signed-in” stress concentrations, a study of stress peaks where the neutral axes are likely to be located 
set up by temperature differentials, the breakdown sometimes give a hint as to how to redistribut 
tests of castings, and in hosts of other problems. rial. A casting is trying to tell vou wher 
trouble if vou will give it heed. 


Design Improvement DISCUSSION 
: Chairman ( E. Necson, Dow Chemical Co Midla 
he matter of design improvement is one that has Co-Chairman: M. H. Younc, Wright Aeronau 


already come a long way. Eliminating assumptions Wood Ridge, N. J. 


and guess work has paid off. Making structures D. Lavette: If it is not possible to use a dumn 


. . . . rature nsati an < . » be place 
stronger by making them lighter was exemplified in perature compensation, can 2 thermocouple be p 


: ‘ , : ‘ bar and temperature correction applied to the gag 
aircraft and automotive designs and is now invading ain. Tavnasa: Wen, & thadieetee convesiien te can 
the railway field. Correcting empirical formulae from tedious. The purpose of the gages is not only 
experimental studies, and reducing dependence on the measurements quickly but to do it with the least 
“factor of safety” in design are processes as precis figuring. \ thermocouple correction on hundreds 
; becomes unthinkable, when automatic temperatur 
as they are varied. methods can be so easily attained. If test data is to 
In a few words we must try to outline a procedure may go into the file and a set of test data in the fil 


icSss 


for design improvement. It is this: 


1. A casting, fabricated part, component o1 CHAIRMAN NELSON: Evervone may not know 


, ee . ment is required to do stress analysis work. Perhaps 

complete structure, designed analytically using be expressed in dollars and cents for the minimum 

overlapping assumptions, 1s to be umproved., and facilities. One might get the idea that this ' 
2. The part is tested in service with strain complicated but it is not. So that we might look 


‘ : ° : when almost all companies actually making mechat 
gages applied so as to indicate service loads. Here- a 5 
and even foundries will have such equipment, does 


tofore in most cases service loads have been care to discuss that? 
guessed at. Mr. TATNALL: In strain gage work you can stal 


3. A static test of the part or structure is made $500. The self-contained strain indicator costs abou 


applying the service loads previously determined, 2 American Smelting and Refining Co., Baber,.N. } 
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EFFECT OF THE COMMON ALLOYING ELEMENTS 
ON THE TENSILE PROPERTIES OF MALLEABLE IRON 


By 


H. A. Schwartz and W. K. Bock 


{1BSTRACT 


‘ é 


/ analyses a) 


mdicates 


IT Is rSTABLISHED that the tensile 
ties of completely graphitized malleable iron depend 
the and the 
amount and form of the included graphite. The effect 


of a unit of weight of graphite has been found in vari 


WELI propel 


on properties of the metallic matrix, 


ous studies to vary greatly, and it probably is a fan 
first assumption that this is due to variations in the size 
and sprawliness of the nodules. 

In the present discussion it is promosed fo exclud 
the effect of graphite by suitable selection of experi 
mental conditions, and to consider only the effects of 
the ever-present elements—silicon, manganese, sulphur 
phosphorus and chromium 

One approach to the question of the quantitative 
effect of chemical composition on tensile properties of 
any alloy is the deductive one of computing, statistic 
ally, the partial correlation coefhicient of each element's 
concentration and the properties in question (if all 
other variables correlated with each concentration be 
kept constant). For example, additions of ferrosilicon 
probably affect the mechanical properties in two wavs; 
by affecting silicon content, and perhaps by deoxida 
tion. We must, therefore, concern ourselves with the 
partial correlation of silicon and strength (or elonga 
tion), ferrosilicon additions being assumed constant 

Similarly we must consider the effects of sulphur and 
manganese, ferromanganese and other elements of this 
pair being kept constant. While a correlation can be 
demonstrated between sulphur and sprue content in 


* Respectively Manager of Research and Research Engineer in 
Research ol National Malleable Steel 
Castings Company, Cleveland, Ohio 


the Laborators the and 


the mix, the effect of sprue in itself on ph 
erties is negligible and that variable ma 
earded in this instance 

If. bv the accepted methods of Statistics, a 
correlation coefhcient of a given element's con 
tion and a given property can be calculated 
simple matter to compute the corresponding reg 


coefiicient which states how much the giver 


is caused to vary by unit change (one per « 


given concentration. It will presently be see 


there is, in fact, little or no consistency to the 1 
coefhcients computed from different populations | 
sitating detailed study of the standard errors of | 
coeficients, as computed by well established m 
Since the mathematics is complex, no atte 
made in this paper to illustrate the calculations 
demonstrate their reliability. The reader is ; 
accept the procedure and calculation as 
The data represent four groups, each of constat 
They represent the daily average values o! 
Three plants are represent 


bon. 
relevant variables. 

Table 1 gives the several regression coeflicients 
tensile strength of each of the four populations 
the average regression coefficient weighting eac! 
equally. 

Not only are large differences in magnitude s 
Are thes 
considered as real or as the result of chances On 
judge from the standard error of Table 2. Ih 
nificance of the symbol ° in Table | 
the discussion following Table 2. 

Only the values marked in Table 1 ar 
more times the corresponding ones in Tab! 


but even occasional differences in sign. 


is describe 


REGRESSION COEFFICIENTS OF 


ON CONCENTRATION (PSI/] 


TABLE | 
STRENGTH 





Group 

C, percent 2.50 56-2.58 
Days, no : 84 

ts) | - Z 9400 
Mn ; - 81 

P +44500 27500 
Ss + 31800 + 46000 
Cr + 17900 + 15450 
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a reasonable certainty of being real 


served direction (2.5 per cent chance of 
large standard errors have the effect of 
ssarv. verv large Table 

egression coefhcients in different popula 


differences in 


hese differences are certainly real. Of all 
ces only that between the regression co 
nsile strength on phosphorus for B and D 
is certainly real. The general significance 
utter Of values due to any particular el 
ill compared to the total scatter that we 
to get anv data from anv of our singel 
sufficiently accurate to warrant carrving 

then 
ises one hopes for better precision from 
s. Comparing the averages of Table | 
tandard error in Table 2, it is seen that 
nat the regression coeflicient on silicon 1s 
id of negative, 1.e., that silicon actually, 
iken the iron, as it seems to do, is (fron 
yriate probability tables about 0.062, o1 
Similarly, the chances that the other el 
not strengthen the iron are: manganese 
phorus, 0.0005; sulphur, 0.015, and chro 
5 Ihe chances are, therefore, reasonably 
convincing only in the case of phosphorus 
decreases tensile stre neth and all the other 
Table | 


quantitative estimates of their effects, but 


ncrease it. The average values of 


phosphorus and sulphur precision is low 
}and 4 have the same relation to elongation 


les | and 2 to tensile strength. The meaning 


bols * is as pre viously described 
once evident that none of the values in Tabl 
ically as great as the corresponding numbers 
|, and hence it cannot, bv that test, be stated 


uinty that affects elongation 


composition 
standard errors of the averages are large. The 
ties that silicon and chromium do not de 
ongation are 0.295 and 0.450, respectively, and 
other elements’do not increase it are 0.255 
0.160 for manganese, phosphorus, and sul 
spectively. 
mclusions, such as they are, are valid only 
e range of composition for which the data 
hered. ‘This represents a region of the com 
shown in Table 5. The reason for this restric 
be further evident later in the paper. 
it uncertainties in the conclusions of this 
irise Out of the impossibility of excluding in 
nercial process all the variables except a ver 
y could presumably not be eliminated by any 
vhich did not secure greater constancy with 
» even the unknown factors. It is scarcely, 
to operate for an extended period at, say, a 
of phosphorus, and for another at a high 
still less so for elements like silicon whos 
ange is limited. Operating with furnace, on 
iditions to part of each day's run introduces a 
unknown variable; thus it would seem that 
bilities of improving the data on which such 
ight be based are exhausted. 
luctive approach based on direct experiment 


be attempted by measuring the effects of th 
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n R B” ] dnes 
Taste 2—STANDARD ERRORS OF REGRESSION COEFFI 
CIENTS OF TENSILE STRENGTH (PSI ‘1 PER CENT 
\y \ Bb ( 1) \ 
C, per 50 56 . 19 
Davs 52 S4 59 
Sj 743 574 84 OLS } 
NI 7824 540 5489 4 195 
P 4910 1400 12491 H3I9l ) 
S 1097 18262 6122 3919 O52 
( $6594 36366 20076 2 ylyf 
* p ted a the square root of é f the squares o 
e stand i erro! Ww eact group 1 repre « the standard 
error o ( iverages { lable ] NO] i ie of the 
immdat errors of the averages ot Ia 
TABLE 53—REGRESSION COEFFICIENTS OF ELONGATION ON 
CONCENTRATION (PER CENT PER CENT 
(; yup \ Bb ( 1) \, 
C, pe > s) ? ) 2353 ? ec ? 36 ) 2 ? 19 
Days 5) 41 x4 59 
Si 5.47 1.65 3.40 ? 0.76 
Mr 6.95 4 38 0.1; »43 1.80 
P 1.10 3.29 2.1 11.1 2.7 
s 32.8 2.15 6 11.65 6.7 
Cr 18.0 +146 16> ) i) 
* See footnote of Table 2 
Taste 4—STANDARD ERRORS OF REGRESSION COEFFI! 
CIENTS OF ELONGATION (PER CENT /PER CEN1 
Group \ B ( DD \s 
C, percent 2.50-2.52 2.53-2.55 2.56-2.58 2.49-2 
Days 52 71 84 59 
he) 4.77 446 2.49 9 RG 
Mr 5.54 6.81 3.02 4.99 
P 23 8.97 3.34 15.79 
S 14.94 16.49 3.37 10.10 6 
( 30.58 30.76 22.72 14.5 13.¢ 
* See footnote of Table 
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Fig Z Mall able 
effect of 


ron tensile stre neath curves Showing 


ar~ous percentages of alloy ing elements. 


several alloying clements separately. It is entirely 
that all 


should strengthen the latter, and hence malle 


reasonable four elements, when dissolved in 
ferrite 
abl 


to obtain some direct confirmation of this assumption 


iron. The present experiments were conducted 
in somewhat quantitative terms. 

Armco iron was melted in vacuo in zircofrax cruci 
bles with suitable amounts of ferrophosphorus, pure 
chromium or ferrosilicon to give 


manganese, pure 


alloys of the desired chemical composition. The melts 


were allowed to solidify in vacuo and were found to 
almost | cm in 
As points 


thev were given a 


freeze with very large grains, some 


diameter. By quenching from above thei 
and renormalizing from above Ag, 


(ferrite) grain size comparable with that of malleabl 











apie 5—MEAN COMPOSITION AND ITS STANDARD 
DEVIATION 
(sl p \ Bb ( D 
C, per ce ?50-2.52 2.53-2.55 55-2.58 2.49-2.51 

Si, pe ent 0.99 0.99 0.98 1.08 
Si, per cent 0.041 0.041 0.033 0.029 

Mn, per cent 0.51 0.51 0.44 0.37 
Mn, per cer 0.053 0.054 0.025 0.054 
P, per ce 0.119 0.116 0.150 0.125 
o P, per ce 0.056 O.O181 0.0232 0.0169 
S, per cent 0.174 0.173 0.156 0.098 
o S, per c 0.0214 0.0239 0.0239 0.0118 
Cr. per cent 0.035 0.036 0.031 0.027 
o ( per cent 0.0059 0.0050 0.0108 0.0181 

TABLE 6—IUKON HARDNESS OF FERRITE 

Heat Alloy Rockw ll ‘B Knoop 

2 None 30.5 135 

7 1.42% Si 64.8 187 

9 0.24% P 68.9 182 

12 0.78% Mn 9 2 

20 0.06% Cr 39.3 158 





I he in dia 


the heights ranged from one to one and one-! 
Rockwell “‘B” hardness was determined at nw 


iron. ingots were about 34 in. 


points on several cross sections of each small in 
the results averaged. 
In Fig. | these Rockwell “B” 


a function of the allov content. It is reasonabl 


numbers are plott 


the effect of a unit of any elements depends or 
amount present, that the effect of two or more al 
As a check o1 
an alloy was made containing 0.86 per cent 


was probably not directly additive. 


and 0.111 per cent phosphorus, which alloy hadaR 
wel] “B” 


In the phosphorus curve of Fig. | at 0.111 pe 


number of 76. 


phosphorus will be found a Rockwell “B” numb 
about 59, which is equivalent to a silicon conte! 
about 0.7 per cent. Adding this silicon content | 





observed value of 0.86 gives a total of approxima! 
1.56 per cent. 
value shows a hardness of about 73. It appears 


The extrapolated silicon curve at | 


fore, that this means of summing the effect of more t! 
one alloy yields results about as concrete as the cur 
As a check on the relation of Rockwell “B” to kt 
hardness, four of the alloys in Fig. | were tested 
the Tukon hardness teste 

Table 6. 


The results shown in 


with the results show 


Table 6 scatter rathei 
but are roughly equivalent to the statement that 


Tel 


Knoop hardness is equal numerically to one a 
half times the Rockwell “B” hardness plus 85 
Assuming that a malleable iron contained 0 
cent phosphorus, 1.00 per cent silicon, 0.25 p 
manganese (in excess of manganese sulphide) and"! 
per cent chromium, this is equivalent to about - 
cent silicon by the calculation made in the foregol! 


At 2.08 per cent silicon, extrapolating the silicon ln 
of Fig. 1, should give about 78 Rockwell “B” hardnes 
which by the equation correlating Rockwell and kno» 


numbers should be something over 200. | Kn 


numbers of the ferrite of malleable iron range 0! 
220 to 250, which seems a fair agreement with 
present work. T hese hardness values were convert 
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98 of Williams 
nd Hardness Measurements. It may pet 


yeths by the data ol Figo 





d that this conversion is not too reliable 





= a 
given in Fig. 2. 


s of the curves at 0.15 per cent phosphorus, 
silicon, 0.25 per cent manganese and 0.06 






ymium, approximate values in malleable 





sured and found to represent an increase 
00. 12,500 and 32,500 psi for an increase 






nt in the several elements in that order. 





re somewhat lower than those given in 
ving Elements in Steel,” Fig. 40 
also be noted that all of these values are 






those approximated in the deductive ap 





e latter fact is perhaps best explained by 





t the present figures relate to the properties 





mately pure iron alloys, while the forme: 
effect of each element in the presence of 
amount of the three others (and perhaps 








ng Fig. 2 it is found that 0.15 per cent phos 





isual value) is equal in strengthening effect 
88 cent silicon; 0.25 per cent manganese (a 





excess above sulphur) is equal to 0.17 pe: 
and 0.05 per cent chromium to 0.09 per 
Hence a | per cent silicon ferrite contain- 






mounts of other alloys might be equivalent 





r cent silicon and no other alloy where the 
ild be much flatter. The general trend line 
f Fig. 2 has only empirical significance. It has been 







the hardness of a ternary silicon-phosphorus 





illoy bore out this idea. 





s 


experimental support for the assumption 
it silicon strengthens ferrite. If it nevertheless 
akens malleable iron, this is an indication that sili- 
affects the form of graphite nodules. 
It seems a reasonable assumption that a given change 
nposition will produce the same proportional 
change in ferrite and in malleable iron. Ferrites aver- 
perhaps 15 per cent greater strength than malleable 
iron, so that the effect of changes of composition on 
illeable iron should be about 85 per cent of the values 
given (in psi). 
[he survey made has not been sufficiently extended 
ittempt an extrapolation from the data on ferrit« 
region of complex compositions correspond. 
ng to the ferrites of malleable iron to justify a com 
parison on a quantitative basis with the values reached 


tion 

















Conclusions 





Based upon the foregoing discussion, the authors 
consider the following conclusions to be justified. 
\ll the alloying elements strengthen the matrix of 

iron. 
Silicon probably increases the sprawliness of graph- 
ite suthciently to overbalance its strengthening effect 
y nt matrix. 
The effect of a unit of any alloy decreases progres- 
the amount of that alloy increases. 

od imulative effect of all the alloys can be approx- 
matec by converting the several concentrations into an 
fquivalent amount of a single alloy. 

Very roughly for such conversion, silicon and chro- 
mium are of equal potency, phosphorus is equivalent 
to al six and one half times as much silicon, and 



















a unit of manganese to about one half a unit of silicon 
Changes in concentration in a metal containing as 
much alloy constituent as malleable iron cannot be 


xpected to produc erTeat changes im stre ngth 
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eM ‘ i i 
et r " aclice Pi F phosphe } Case hie el 
particularl n cases of on nneal I} lative effec 
of alloy elements may well account for sor of the short breaks 
nd low elongations that are not readily explained from the 
standpoint of structure 

With re rd to the increase in gs] wliness of the raphite 
nodules with an increase in silicon, ou xperience has beer 
that with an increase in silicon, we will hav reater 
ber of graphite nuclei than with a lower silicor It may be 
that the sprawliness observed is a matter of nnealin » 
as well as a matte of silico content 

| ] CURRAN What heat treatment ‘ vel the small 

icuum-melted induction heats 

\ir SOCK The heats were ana red d then by re 
ence to the allov diagram for that system we found the <A¢ 
point, took the sample above the Ac5, wate quenched t and 
took t above the Ac3 again and air cooled it 

Mr. CURRAN Did vou attempt to simulate a regular 
leable anneal 

Vir Bock No. We were trving te vet i territe rau Si zt 
comparable to the ferrite grain size in malleable iron 

Mr. CURRAN You find that the effect of the elements ts 
additive in these particular alloys, whereas in steel, quenched 


and tempered, thes 1! iltiply each othe 
Mr. Boct That is true Ihe elements are additive in 
f 


terms oO! 


H \ SCHWARTZ auti ( ive It appears that Mi 


single element 


Curran has seriously misunderstood that portion of our pape! 


which relates to the hardness of ferrite with various clements 


added to it These alloys are not malleable iron but are an 
exceedingly low-carbon steel to which the desired concentra 
tion of silicon, manganese and chromiur were added Con 
sequently there is no such thing as simulating a regular mal- 


leable anneal Unless the spec ial heat treatment described by 
Mr. Bock in the oral discussion is applied, these steels are of 
enormous e@rain size [he heat treatment we used produced a 
ferrite grain size the approximate equivalent of that in mal 
leable iror We then have a ferrite comparable to that of 


malleable as to grain size and containing only those allo 
solution in which we happen to be interested 

Mr. Curran further misunderstands, perhaps when he says 
that the effect of Gur elements is additiv It is true, in fact 
that they are additive, but not linearly additive: that is, equal 
ncrements do not produce equal increments in hardness If 
the alloys multiply them, the effect of ¢ ven increment would 


ncrease with the amount of the alloy already present, whe 
the reverse § true We are thus not in accord with Mr. Cur 
ran’s assumption that in steel certainly if the material 


quenched and drawn you would find that they multiply each 


other. Has there been confusion here between the effect of allovs 


on hardness and on hardenabilit The two certainly are not 


the same thing 
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SOME PRINCIPLES INVOLVED IN 
HEAT TREATMENT OF GRAY CAST IRON 


By 







Alfred Boyles 












and iron carbide (Ca) to re-establish the pea 





Iv IS THE PURPOSE of this paper to review, In an 













elementary manner, some of the fundamental princi- ture. Cooling somewhat more rapidly will 

ples involved in the heat treatment of cast iron, and transformation and cause it to occur at a temp 

to point out certain basic differences between this mati below the line 4B. The pearlite lamellae th | a 
rial and steel as regards transformation behavior dw finer, or more closely spaced. Stull more rapid co 








It has become the custom in may suppress the transformation temperature to as 
as 1200 F, and extremely fine pearlite lamella 





ing heating and cooling. 
recent vears for metallurgists to disregard the iron 









carbon diagram in discussing the heat treatment of formed. 

SiC l, and to interpret results in terms ot “S” curves, Drastic cooling, such as quenching, will supp 

or time-temperature-transformation diagrams. lamellar type of transformation completely and 
Chis does not mean that the iron-carbon diagram Is the austenite to persist down to a temperature 

no longer of importance, but rather that it has become 500 F, at which time the austenite breaks down i 

so completely a part of the mental processes of the entirely different type of structure called marte: 





metallurgist that further reference to it is not needed which is characterized by a needle-like or acicula: 


Ihe practical interpretation of data ts based on rates 
of reaction in the solid state with the tacit assumption of martensite and that of fine pearlite, a variety ofa 





tern. Between the temperature range for the for 













that everyone knows all about the conditions of equi- 

























































































librium in the iron-carbon system. 
In the case of plain carbon steel, this attitude is °F : 
probably justifiable. In the case of cast iron, however, 2200 
the metallurgist soon finds that the conditions of equi ’ 
librium are not so well known and that they are quit Liquid : 
different from those in steel. To illustrate some of ae 
these differences, a parallel will be drawn in the fol 
lowing discussion between the behavior on heating and 2000 
cooling of a plain carbon pearlitic steel of eutectoid ' me 
composition (about 0.80 per cent carbon) anda plain 1900 4 we 
cast iron of nominal analysis having a pearlitic matrix If 
4 
Transformation in Pearlitic Steel ee nto a 
Figure | represents a part of the ordinary iron-carbon 1700: y Y+Ca rig ‘ 
diagram showing the metastable equilibrium between agate 
iron and iron-carbide. The vertical dotted line repre- : Mes, 
sents the composition under consideration, a pearlitic 1600 5 le 
steel of 0.80 per cent carbon. At room temperature the 
metal consists of two phases, ferrite (a) and iron car- 1500 4 as VO 
bide (Ca) lying side by side as pearlite lamellae. Upon 
heating past the horizontal line AB, the iron transforms 1400 4 aa 
into the y phase and absorbs the carbide lamellae to n ’ B h . 
form a solid solution of carbon in iron called austenite 1300 «+Ca ; “ 
If time is allowed this austenite becomes a homog- ; 
eneous single phase y. At no time does the carbon con- 1200 4 ; — is 
tent of the matrix undergo any change. There is neve ° ’ 2 3 4 r 
more or less than 0.80 per cent carbon present. % Carbon ies 
[ pon cooling slowly the reaction is reversed. Aus- - pe 
tenite breaks down into alternate lavers of ferrite (a) Fig. 1—Part of the ordinary tron-carbor gia 4, rs 
showing metastable equilibrium between " Mr 
* Research and Development Dept., United States Pipe & and iron-carbide. 
Foundry Co., Burlington, N.] *Use 


















the rate of transformation at any particu 
ire level 

hvysical properties of the steel de pend on 
tructure obtained on cooling, the metal 
irally much concerned with the rate of 
these various structures and interprets 
ting results as time-temperature-trans{o1 
ums rather than in terms of the simple 
liagram shown in Fig. | 


ransformation in Pearlitic Cast Iron 
ering into a discussion of the correspond 
nation in cast iron, it 18 necessary to give 
ration to the two types of equilibrium 
in cast iron, the stable and the metastable 
G s used a very clear analogy to illustrate 
nt by these basic terms, and his description 

t1i0n (Fig. 2) are given as follows 
to understand this important concept, 
5 DPOS r example, that we pour a quantity of water 
hele in the ground (Fig. 2A). If no ex 
' k is done to extract this water from the hole, 




















form, depending on the amount of time 








STABLE UNSTABLE METASTABLE 
A B Cc 


Fiz. 2—Gamow’s mechanical interpretation of the no 


stable. unstable, and metastable states? 


ht will remain there indefinitely and will never get out 
by itself. We say the water in such a hole is in a stable 
tate of equilibrium 
li on the contrary, instead of pouring the water 
into a hole, we pour it on top of a sugar loaf mountain 
Fig. 2B), it will not stay there at all and will at once 
down in a stream on both sides. The position of 
the water on the top of such a mountain is unstable 
and can never be realized in practice. 
Let us now consider the water filling a crater of an 
old volcano (Fig. 2C). If left to itself, the water will 
tay there just as long as in the hole in the ground, 


although in principle much energy can be obtained 
trom bringing it to a lower level. We need, however, 
to bring the water over the rim of the crater, supplying 


purpose a certain amount of energy from the 
jutside. We say that the water in the crater is in a 
’ state.” 

r ible state in all iron-carbon alloys is one of 
graphite. The metastable state is one of iron 
arbide. In steel, the metastable state persists 
y under ordinary conditions of heating and 
nd the metastable diagram shown in Fig. | 
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is adequat to define its transformation behavior. Gray 


higher carbon 


cast iron, however, because of its mucl 
and silicon content. exhibits both the stable and meta 


stable states under ordinary rates of heating and 


cool 
ing It is therefore. necessary to construct two dia 
grams, one representing the stable condition and one 
the metastable 

Schematic diagrams of this kind are shown in Figs 

and 4. Complet equilibrium, according to either 
diagram, is seldom obtained under ordinary circum 
stances, the final result usually being a mixture ol 


both [ sing Gamow s analog, part ot the water 1n 


the volcanic crater may be considered as getting ove 


the edge and reaching a stable condition. Some of the 
water, however, remains in the crater in a metastable 
Stat This dual behavior is of fundamental impor 
} 


tance and constitutes a basic distinction between cast 


iron and steel 


Transformation According to the Metastable State 

For this purpose a cast iron will be considered 
which no fre graphite Occurs, LL under all condi 
tions of heating and cooling the carbon is either in the 
form of iron carbide or in solid solution in the austen 
ite. A diagram representing this metastable condition 
is shown in Fig. 3. The total carbon present is, say, 
} per cent, represented by the vertical dotted line 

\t room temperature the metal consists of pearlite 
(a + Ca), together with massive particles of free cai 
bide (Ca), i.e., it is a white iron, Except for the pres 
ence of the massive carbide particles, the metal is 
exactly like the pearlitic steel previously described 
Two phases occur: ferrite (a) and iron carbide (Ca 

Che metal is now heated into the temperature region 
marked a Ca in Fig. 3. Some of the iron now 
transforms to the y phase and begins to absorb the 
carbide of the pearlite lamellae to form a solid solu 
tion of carbon in y iron (austenite), in exactly the 
same manner as the pearlitic steel behaved on heating 
The massive free carbide remains undisturbed 

As the metal is gradually heated through the region 
a + y + Ca, the amount of austenite (y) increases and 
the amount of pearlite (a + Ca) decreases until, at a 
temperature just above the line CD, the matrix consists 
entirely of austenite holding in solid solution 0.70 per 
cent carbon (Point C). At this stage, the massive free 
carbide still is intact and undisturbed. 


Carbon in Solid Solution 

Suppose the temperature is raised considerably above 
the line CD. In this case the austenite begins to dissolve 
some of the massive carbide and the amount of carbon 
held in solid solution increases. At any temperature 
above the line CD, the amount of carbon in solid solu 
tion in the austenite may be determined by projecting 
horizontally from the dotted line to the left to inter 
sect the line CE and then reading off the percentage 
of carbon on the scale at the bottom of the diagram 
At 1800 F, for example, the austenite will hold in solid 
solution about 1.15 per cent carbon. The remainder 
of the 3 per cent carbon still is present as massive free 
carbide particles. 

Upon slowly cooling the metal from 1800 F the re 
verse changes take place. Some of the carbon in solid 
solution in the austenite (y) is deposited again, either 
on the surfaces of the massive carbide particles or as 
separate particles until, at the temperature of the line 
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al a+7+C ° 
Ca ‘ 
1400 A t B 
1300 4 a+Ca 
' 
1200 . . ‘ bs 
° ) 2 3 4 
% Carbon 
lig j—Schemati diagram shou ing the conditions 


of metastable equilibrium in cast iron. Note that 
the lines are somewhat different from those in 
hig. 1. These changes are caused by the presence 
of silicon in the metal. The eutectoid point “C”’ 
is placed at 0.70 per cent carbon and a new region 
a -+ y +Ca appears in the diagram. This diagram 
re prese ntsastlicon content of about 1.90 per cent. 
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Fig. 4—Schematic diagram showing the condit 






of stable equilibrium in cast iron. The eutect 
point “C” has been placed at 0.70 per cent carl 
to correspond with Fig. 3. The regiona +y+G 
is somewhat wider than the a + y Ca regior 
of Fig. 2. This diagram was drawn to represent 
silicon content of about 2.20 per cent. All the 
will shift position with changes in silicon content 


















CD, the austenite is again of composition C, holding 
0.70 per cent carbon in solid solution. 

When the 
a + y + Ca,some of this austenite (y) begins to break 


metal cools further into the region 
down into alternate lavers of ferrite (a) and carbide 
(Ca), forming pearlite. With falling temperature, the 
amount of austenite (y) decreases while the amount of 
pearlite (a + Ca) increases until transformation is 
finally complete at the line AB. 

After crossing the line AB in cooling, the metal will 
be back again where it started and will consist of pearl- 
ite (a Ca) plus massive particles of free carbide 
(Ca). Under conditions of more rapid cooling, the 
matrix can be made to undergo all the structural modi- 
fications mentioned in the case of the pearlitic steel, 
i.e., finer and finer pearlite lamellae, or transformation 
into martensite or other acicular patterns, depending 
on the conditions of cooling. In all these cases the mas- 
sive free carbide remains intact as a part of the final 
mixture without entering into the actual transforma- 
tion in any wavy. 

In describing the metastable transformation, it was 
assumed that no tree graphite was formed at any stage 
of heating or cooling. The opposite extreme, the stable 
state, is a case in which no free iron carbide is present 








\ diagram representing 
The similarit 


at any temperature level. 





stable condition is shown in Fig. 4. 





this diagram to the metastable diagram (Fig 
parent, the only difference being that the notation | 
(carbide) has been changed to Gr (graphite 
that the position of the lines, with respect to tempera 
ture, has been altered somewhat. 








Transformation According to the Stable State 





To trace out the transformation according 
stable system, a start will be made with a cast 1 
3 per cent total carbon in a fully stable condition 
matrix in this case consists of nothing but ferrit 
in which graphite flakes (Gr) are imbedded. Upon 
heating into the region a + y¥ Gr (Fig. 4), para 
the ferrite (a) transforms into austenite (y) and beg 
to dissolve carbon from the surfaces of the grapait 
flakes. 

At successively higher temperatures, th 
austenite (y) increases while the amount ol territ 
diminishes until, at the temperature of the line D,, the 
entire matrix consists of austenite holdi: 
solution 0.70 per cent carbon (Point C in I 7 
graphite flakes are now somewhat thinner than U 
were to begin with, having lost some carbon by %% 
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—— rix \t temperatures above the line CD 


continues to dissolve carbon from the 
s and will hold, at, sav 1800 F, about 1.10 
min solid solution. 
ng slowly from L800 F, the reverse action 
Carbon Is de posited on the surtaces ol the 
s until the metal reaches the line CD, at 
iture the austenite again holds in solid 
ner cent carbon (Point C). The amount 
solid solution at any intervening t mpel 
determined by projecting to the left to 
ne CE exactly as was done in the meta 
Fig. 3 
Line CD), the austenite begins to trans 
rite (a) and graphite (Gr). This action 
ilogous to the transformation of austenite 
ind iron carbide (Ca) in the metastable 
stable transformation, however, does not 
imellar structure of ferrite and graphit« 
irlite. The graphite formed during trans 


deposited on the surfaces of the graphit 


ontinues through the region a-- - G) 

if austenite (y) decreases whilt the amount 

’ increases until transformation is finally 

the line AB (1450 F). At any Stage ol 

ion, the total amount of carbon remaining 

! ition may be determined by projecting to 

tersect the line AC. At 1500 F, for example, 

ilf of the matrix will consist of austenite 

( x in solid solution 0.70 per cent carbon) and 

he total amount of carbon in this remaining austenite 
ut 0.55 per cent 

\fter cooling past the line AB, the metal will be back 

it started and will consist of two phases 

ferrite (a) in which the graphite flakes (Gr) 

led. The graphite flakes will now be back 

original thickness, all the carbon dissolved 


Oo 
= 


iting havine been restored during cooling 
I tral sformation. 


Transformation in Cast lron According to Both Stable 
and Metastable States 

metastable transformation of cast iron, it was 
tion | oted that the matrix could be made to assume all the 
f nd ructural variations produced in eutectoid steel by 
ltering the conditions of cooling. This is not true 
i the stable system. The stable transformation pro 
rite and graphite, and the graphite so pro 
ate u s invariably deposited on the surfaces of the 
themm™e@phite flakes present in the matrix. Coarse and fine 
iron ofm™emeliar structures or acicular structures, such as exist 


yn. The™™mter metastable transformation, have no direct ana 
rit gues in the stable system. 
U'pol he term “stable transformation,” as defined in the 
part of 40ing, must not be confused with the graphitiza- 
d begins" Of pearlite. Careful studies have shown that the 
sraphit 1s luring stable transfermation breaks down 
and graphite without the intervention of 
ount omy Metastable phase. This concept of stable transfor- 
Al ist be kept clearly in mind in all the discus- 
follows. 


I 


CD - 

solid se two extreme cases of stable and metastabl 
1), Thee! tion in mind, we may proceed to the case 
an the : 1 types of transformation occur simultane- 
by solugmes!y 1 same piece of metal, as frequently happens 





in ordinal itt itment. Wew1 evin Wit i gras 
cast 1ron otf 9 per cent tota inbon ving ail 
pearlitic matrix 

\t room 


tempel iture this materia DVIOUS | 
sents both the stable and metastable states, t! graphite 
flakes representing the stable state and the iron carbid 
of the pearlite lamellae representil t] metastab] 
State Going back to Gamow’s analog, | 4 pa 
of the water 1n the volcanic crater mav be « msidered 
is getting over the edge and reaching a stable condition 
Some of the water, however, remains in the crater it 


i metastable state 


Reversion to Stable Condition 


Upon heating the pearlitic gray Iron to a temperature 
near the line AB in Fig. 4, the carbide of the pearlite 
lamellae will begin to graphitize. If time is allowed all 
the pearlite will decompose and the g) iphite so formed 
will be deposited on the surfaces of the graphite flakes 


Ifa prece of cast iron 1s held for a considerable time at 
a temperature just below the line 4B in Fig. 4 and then 
quenched, it will be found to consist entirely of ferrit 
a) and graphite (G The metal has reverted to the 
stable condition before any transformation to austenite 
has taken place 


Under ordinary rates of heating, much of the pearlit 


will remain intact until the metal reaches the trans 
formation rang lranslformation then begins exactly 
as de scribed unde the metastable system (Fig ) 
Some of the iron begins to transform into austenite 
and absorbs the carbide of the pe arlite lame lla [his 
action continues as the metal is heated through the 
region a +- y + Ca until, at a temperature above the 
line CD, the matrix will consist entirely of austenite 
holding in solid solution 0.70 per cent carbon 

Upon heating to higher temperatures the austenit¢ 
will dissolve carbon from the surfaces of the graphit« 
flakes exactly as was de scribed unde r the stable svstem 
(Fig. 4), and the amount held in solid solution at any 
temperature level may be determined as before by pro 
jecting to the left to intersect the line C/ 

Suppose the he ating process Is stopped it some tem 
perature within the region a + y» +- Gr in Fig. 4, say at 
a temperature of 1500 F. If given time the metal will 
now revert to the stable state The carbide of the 
pearlite lamellae will break down and deposit carbon 
on the surfaces of thi graphite flakes. After holding 
at 1500 F for some time the matrix will then consist of 
about one half free ferrite (a) and one half austenite 
(y). A piece quenched in this condition will show a 
matrix of one half ferrite and one half martensit 


Quenching Temperature Effect 

Any combination of free ferrite and martensite can 
be obtained by quencl.ing from various temperatures 
within the region a + y + Gr of Fig. 4. Quenching 
from temperatures near the lower line 4B will produce 
nearly all ferrite. Quenching from temperatures neat 
the upper line CD will produce nearly all martensite 
lo produce a fully martensitic matrix, the metal must 
be heated to a temperature above the region a 
Gr. It must be made fully austenitic before quenching 

When a pearlitic steel is heated to a temperature 
sufficient to become fully austenitic it is said to be 
austenized. If the surface of the steel loses carbon by 
chemical action during heating, it is said to be decar 
burized. If the surface absorbs carbon by contact with 
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carbonaceous matter during heating, it is said to be 
carburized. Applying these commonly used terms to 
pearlitic gray iron, its behavior on heating may be 
summed up in the following statements: 

|. The matrix of pearlitic gray iron may be com- 
pletely decarburized by heating it to temperatures just 
below the line AB in Fig. 4. 

2. Metal so treated may be carburized again, up to a 
maximum of 0.70 per cent carbon, by heating it into 
the region a + y Gr in Fig 4, the degree of carbur- 
ization being a function of temperature. 

3. The matrix can be further carburized beyond 
0.70 per cent carbon by heating it above the line CD 
in Fig. 4, the degree of carburization being again a 
function of temperature. 

The matrix can be partially austenized by heat- 
ing to temperatures within the region a -++- y + Gr, the 
amount of austenite so produced being a function of 
temperature. No amount of holding time within the 
-. Gr region will produce a fully austenitic con- 


Y 
dition. 

5. The matrix can be fully austenized by heating to 
temperatures above the region a +- y + Gr in Fig. 4 

Ihe reason for these changes lies in the fact that gray 
iron reacts on heating according to both the stable and 
metastable states, and that it has its own internal car- 
burizer provided in the form of graphite flakes scat- 
tered through the matrix. 


a 


Hardness and Quenching Temperatures 


An example of what happens when cast iron is 

quenched from temperatures within the region a 
y + Gr is shown in the work of Walls and Hartwell.? 
rheir results are given in Fig. 5. Specimens quenched 
from 1100 F had about the same hardness as the original 
bars. Quenching from successively higher temperatures 
up to | 400 F caused a progressive decrease in hardness. 
This was caused by a gradual breakdown of pearlite 
into ferrite (a2) and graphite (Gr) below the transfor- 
mation range, the amount of such breakdown increas- 
ing with increasing temperature. The metal was in 
the region a Gr of the stable diagram (Fig. 4). 

At 1450 F the hardness after quenching started to in- 
crease. Part of the ferrite (a) had now transformed 
into austenite (y) during heating, and this austenite 
formed martensite on quenching. The metal had now 
entered the temperature region a + y + Gr of Fig. 4 
In the lower part of this a + y + Grregion only a small 
amount of austenite formed, and the hardness after 
quenching was still quite low. At 1500 F about half 
of the matrix was austenite (y) and the hardness after 
quenching reached 375 Brinell. 

The metal at this temperature was in the middle of 
thea + y+ Grregion. At 1550 F the matrix was nearly 
all austenite (y) and the ferrite (a) had almost disap- 
peared. The metal was now at the top of the a + y + Gr 
region and developed a Brinell hardness of around 
475 on quenching. Heating to 1600 F assured complete 
elimination of all the ferrite (a) and the matrix was 
fully austenized throughout. It was now in the region 
y + Gr of Fig. 4 and gave full hardness on quenching. 
Specimens heated to 1650 F and 1700 F were likewise 
fully austenized and gave full hardness en quenching. 

The point to be emphasized is that no amount of 
holding time in the region of a + y + Gr will produce a 
fully austenitic matrix. Specimens could have been 
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Fig. 5—Brinell hardness as affected by que? 
perature. Bars of 3-in. length by 54-in. diamet, 
quenched. Analyses of bars follow 
Component 
Silicon sesecidi 
Total Carbon .. 
Sulphur 
Phosphorus 
Manganese 
Chromium ....... 
Molybdenum 


held for hundreds of hours at 1500 F, for example 
would still have remained a mixture of ferrit 
austenite (y), and graphite (Gr). The exact bow 
daries of this region of three-phase equilibrium 
determined largely by the silicon content of th 
Figure 4 was drawn for a silicon content of about 
2.20 per cent.* The precise limits of the a 
region for a wide variety of cast iron analyses have 1 
been worked out experimentally. For practical pu 
poses, it is sufficient to determine the lowest temper 
ture from which a small specimen will give a fu 
martensitic matrix on quenching. This will define | 
upper limit (Line CD) of the a + y 


Y =. Go region tor 
any particular analysis of iron. 


An iron of 1.40 per cent 
silicon may become fully austenitic at 1500 F, w 
one containing 3.50 per cent silicon may require a tem 


o ™ <i do 
perature of over 1700 F to reach a similar conditior nd gr. 


rmec 


rmed 
Mixed Stable and Metastable Transformation on Cooling Biear|i: 

Both the stable and metastable transformations als H@lways 
occur under moderately slow conditions of cooling. Makes, 
In order for a cast iron to follow completely the stable ™ long 
transformation diagram shown in Fig. 4, it must be jjPher 
cooled very slowly. Ordinarily some metastable trans Agai 
formation to pearlite t takes place, and the amoun tal 
formed depends on the relative rates of the stable and 
metastable transformations in any particular compe 
sition. 

To illustrate what is meant, we will start with a gra) If a 
cast iron rye. 3 per cent carbon and 2 per cent Mould | 
silicon, sand cast into bars one inch in diameter. The the te 
metal as-cast consists of type A graphite flakes in a fully curre: 
pearlitic matrix. A bar is now heate -d to 1600 F, and dere 
held for one hour. The matrix then becomes austenitt ns 
holding in solid solution about 0.80 per cent carbon, MMsteni 
i.e., it is just above the a + y + Gr region in Fig + low t 

After soaking for one hour at 1600 F, the bar § If the 
cooled in air. Examination will now show that O¢is led t 
matrix is no longer all pearlite. Some free {crrite W! will v 
be found along the surfaces of the graphite f' \kes. Even ME secor 
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Relative rates of stable and metastable trans austenite to ferrite and graphite is likewise accelerated 
nder conditions of isothermal treatment by undercooling, but not to the same degree as the 
f of the vertical bars show the relative metastable transformation. 
free ferrite and pearlite. White. bars rep Figure 6 illustrates the relative rates of the two 
nt ferrite—black bars pearlite. reactions in an ordinary cast iron of the composition 
inalysis of Material, per cent — 7 given. Note that, at temperatures of 1350 and 1300 F, 
re Si ee Ml Mn the stable transformation proceeds more rapidly than 
254 0.063 0.097 0.70 the metastable transformation. At temperatures of 1250 
and 1200 F the reverse is the case, and the metastable 
bar is cooled somewhat faster, as by blowing with transformation proceeds more rapidly than the stable 
am of compressed air, it will still show some free transformation. These specimens were heated to 1600 
ilong the graphite flakes. F, to produce austenite containing about 0.80 per cent 
[his means that a part of the austenite has trans- carbon in solid solution, and were then quenched into 
med according to the stable system to form ferrite molten lead and held at constant temperature during 
nd graphite (a + Gr) while the remainder has trans- transformation. 
ned according to the metastable system to form Such conditions are different from those of continu- 
nlite (q Ca). Since the stable transformation ous cooling and favor the stable transformation be 


lways involves a diffusion of carbon to the graphite 
akes, it is natural that the ferrite layers should form 
the surfaces of the flakes, ie., in those parts 


Al nr: 
long 


1 
7 


ere such carbon diffusion could occur most easily. 


\gain it is emphasized that the ferrite layers are 
pt a result of the graphitization of pearlite. Careful 
udies have shown that the ferrite forms by direct 
ansiormation, and that its formation begins before 


m\ 


If a 


th 
Curr 
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] MH : 
pearlite starts to develop in the matrix. 


thermocouple were imbedded in the bar, it 


d at about 1325 F. 


j } . . 

| indicate that transfermation did not take place 
mperatures shown in Figs. 3 and 4, but actually 
The metal was, therefore, 


led considerably below equilibrium condi- 
Che fact that the metastable transformation of 
Stenite into pearlite is accelerated at temperatures 


low tl equilibrium range is well known. 
I the austenite in 0.80 per cent carbon steel is under- 
boled to a temperature of around 1200 F, for example, 
will transform completely to fine pearlite in a matter 
Secor In cast iron the stable transformation of 


cause more time is available for the diffusion of carbon 
to the graphite flakes. Figure 6, therefore, indicates 
the “tendency” of the metal to follow the stable trans- 
formation at any given constant temperature level. 
What happens during continuous cooling is deter- 
mined by this tendency, plus the amount of time avail 
able for carbon diffusion to the graphite flakes. 

In the cast iron bar cooled in air from 1600 F, for 
example, it may be found that transformation occurs 
at 1325 F and requires about one minute to reac h com- 
pletion. What develops in the final structure is then 
determined by the following factors: 

1. The tendency of the metal to follow the stable 
transformation under conditions of undercooling. 

2. The time available for the diffusion of carbon to 
the graphite flakes, and the rate of such diffusion at 
the temperature in question. 

These factors govern the amount of free ferrite which 
will be formed along the surfaces of the graphite flakes. 
The remainder of the austenite will transform accord- 
ing to the metastable system and produce pearlite 





1HS 





Returning now to the structure of the as-cast bar 
which was fully pearlitic, the question arises: If the 
matrix was fully pearlitic after cooling in the mold 
why is not th pearlitic condition re-established by 
heating it above the transformation range and cooling 
again at the same rate that the casting cooled origin 
ally? ‘This question has not been satisfactorily an 
swered, but the following factors may be involved 

\ casting cooling continuously in the mold is in a 
state of continual flux as regards the diffusion of carbon 
to the graphite flakes. Just after solidification the aus 
tenite holds in solid solution about 1.50 per cent carbon 
(determined in Fig. 4 by projecting to the left to inter 
sect line CE, as previously described) . 

As this austenite cools and approaches the transfor 
mation range, it diffuses carbon to the graphite flakes, 
l.€., it tries to reach a condition of equilibrium at each 
successively lower temperature level. The casting, how- 
ever, is cooling continuously and does not necessarily 
wait for the austenite to reach equilibrium throughout 
its entire mass. The first part of the austenite to reach 
eutectoid composition (0.70 per cent C) is undoubt- 
edly that in direct contact with the surfaces of the 
graphite flakes. 

Diffusion processes always involve a composition 
eradient, and in this case the lower carbon content in 
the austenite will be in the direction of diffusion, i.e., 
toward the flakes. Transformation, therefore, starts 
with the formation of nodules of pearlite at various 
points along the flakes.* 

At the time the pearlite nodules start growing, the 
austenite more remote from the flake surfaces still is 
above eutectoid composition and continues to diffuse 
carbon through whatever spaces are open between the 
growing nodules of pearlite. We must think of this 
mechanism as a dynamic condition in which the aus- 
tenite is continually striving to reach a condition of 
equilibrium with falling temperature 


Composition and Cooling Rate 


If the silicon content is correct for the cooling rate 
involved, the austenite will just reach a condition of 
metastable equilibrium at the flake surfaces and the 
entire matrix will transform into pearlite. If the sil 
con content is too high, some of the austenite at the 
flake surfaces will reach a condition of stable equilib- 
rium and layers of ferrite will form along the flakes 
Foundrymen have learned to balance composition 
against cooling rate so as to produce a fully pearlitic 
matrix in a given size of casting. 

When a cast iron bar of balanced composition, which 
is fully pearlitic as-cast, is reheated again to produce 
austenite, the dynamic conditions mentioned in the 
foregoing are not necessarily re-established. Reheating 
to 1600 F, for example, produces a uniform homogen- 
eous austenite holding about 0.80 per cent carbon in 
solid solution. 

This homogeneous austenite may be quite different, 
as regards carbon distribution, from the austenite 
which existed in the original casting after it had cooled 
to 1600 F in the mold. When the homogeneous aus- 
tenite in the reheated bar is cooled again at the same 
rate as the original casting, it does not necessarily 
transform in exactly the same manner. Conditions for 


* This process has been observed in actual castings while they 


were cooling in the mold 
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carbon diffusion as this homogeneous au 
are more favorable to stable transformatio 
free ferrite is likely to form at the surf 
graphite flakes. 

Reheating the bar to 1800 F will com: 
condition of the original casting, and it w 
that less free ferrite forms after cooling f) . 
\ temperature near the melting point wou 
be required to approach the actual conditi 
in the original cast iron bar as it cooled 
in the mold. 


Mixed Transformation Under Conditions of 
Isothermal Treatment 

Mixed transformation, according to bot! 
metastable states, may be a factor of som 
in the isothermal! transformation of cast iro 
where the metal is first heated to produce 
tenitic matrix and then cooled suddenly to som: 
critical temperature and allowed to transfor 
constant temperature level. The rate at 
austenite transforms under these conditions 
siderably at different temperature levels 

Figure 7, taken from the work of Flinn, Co 
Chipman,‘ shows the time required for trans!ormat 
to begin and end in a series of cast irons conta 
various amounts of alloying elements. Figure 8 s 
the range of hardness values obtained after isoth: 
transformation at various temperatures. Al 
specimens were heated to 1600 F and held for 
prior to quenching. They were, therefore, fully a 
ized and the austenite held in solid solution about 
per cent carbon. 

Taking the case of the plain cast iron (Cur\ 
Fig. 7) , some of the structures obtained after isothen 
treatment will now be described, using the data gi 
by the authors. Specimens transformed at 1500 F 
tained free ferrite, indicating that some of the aust 
had transformed according to the stable stat 
the remainder transformed into pearlite. 

Specimens treated at 1250 F likewise showed | 
ferrite (compare with Fig. 6). At lower temperat 
the amount of ferrite decreased and the pearlite lan 


lae become finer, causing the rapid rise in hardnes 
shown on the right-hand side of Fig. 8. ‘The fastest rat 
of transformation in Heat No. 3 occurred at 1200] 
and was complete in 20 sec. Below this temperatu! 
level, the rate of transformation slowed very decided 


At 1000 F, for example, transformation required 
sec to reach completion (Fig. 7) . 


Acicular Type Structures 


At around 900 F the lamellar transformation to ii! 


pearlite no longer took place, and the structure 
Teat 


changed over to the acicular type. A specimen ol I 
No. 9, partially transformed at 900 F, exhibited a1 


teresting condition which merits discussion 1n som 


detail. Transformation in this case started will 


rrite, WI 


formation of needle-like partic les of free fe: 


the authors term acicular ferrite. From their exp!am 


tion, this was just ordinary ferrite contail 
traces of carbon. 

A specimen of Heat No. 3, fully transfo! med a 
F, was found to contain 90 per cent acicuial 
the remainder of the matrix being an intimat 


carbide aggregate. Since the original austenite - 
ition, U* 


tained about 0.80 per cent carbon in solid s 
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irally arises: What became of the carbon 
jected by the 90 per cent of acicular ferrite 
iring transformation? 
an was of the opinion that this carbon 
ated into the 10 per cent of remaining 
ich was thereby greatly overloaded with 
n this greatly overloaded austenite finally 
it 800 F, its burden of excess carbon would 
ted as free carbide particles. X-ray diffrac- 
however, did not reveal any such excess 
de particles after transformation. 
itive explanation is to consider that the 
m of the overloaded austenite simply dif- 
surfaces of the graphite flakes, which were 
d and in direct contact with the austenite 
| be noted in Fig. 7 that the time required 
nite to transform at 800 F was extremely 
nting to over 10,000 sec (more than 2 hr). 
yn had time to diffuse out of the acicular 
the austenite, it would also have had time 
out of this austenite and deposit on the 
f the graphite flakes. 
wcess of the diffusion of carbon to the graph- 
with the attendant formation of free acicular 
cisely equivalent to the mechanism of stable 
ition previously described under the stable 


im diagram (Fig. 4). If such a mechanism 


nsformation curves for cast trons showing 
f nickel and molybdenum on the times for 
ng and ending of austenitic transformation 


tant subcritical temperatures. Base. Analysis: 


nt total carbon, 2.5 per cent stlicon, 0.85 per 
anese,0.10 per cent sulphur and phosphorus. 
irves for 1,2, 4 and 6-in. diameter castings are 


ith zero time taken at 1350 F. Flinn, Cohen, 


and Chipman.* 
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occurs isothermally at 800 F, it simply means that the 
metal is following a mixed transformation according 
to both the stable and metastable states. 

Two temperature levels thus appear to favor the 
formation of free ferrite during isothermal transfor- 
mation; one in the range from 1350 to 1200 F (see Fig. 
9), in which free ferrite develops along the surfaces of 
the graphite flakes, and a second between 900 and 700 
F in which free acicular ferrite is formed. 

The formation of free acicular ferrite was respon 
sible for the dip in the hardness values shown in the 
middle part of Fig. 8. At temperatures below 800 F, 
the amount of acicular ferrite decreased and the hard- 
ness of the matrix increased rapidly, as shown on the 
left-hand side of Fig. 8. 

A whole series of acicular type structures was ob- 
tained at temperatures between 800 and 500 F, similar 
in every way to the structures obtained by the iso- 
thermal transformation of steel. This study was not 
carried to temperatures below 500 F, but it is known 
from other work that cast iron transforms into marten- 
site at temperatures below 500 F in the same general 
manner as steel. 

The time required for transformation to begin and 
end at any temperature level is easily determined by 
consulting Fig. 7, which illustrates the marked effect 
of molybdenum and nickel on the transformation be- 
havior. The curves in Fig. 7 resemble those found 
for many alloy steels, and show that alloying elements 
influence the transformation of cast iron in a simila 
manner. 

In general, the alloy additions serve to slow up the 
rate of transformation in the temperature range be- 
tween 1300 and 1100 F, so that a casting may readily 
be cooled through this range without forming any 
pearlite. Having passed through the temperature range 
in which pearlite forms, the austenite will then trans 
form at some lower temperature to produce a hardened 
matrix. It is thus possible to harden a large section 
all the way through without subjecting it to drastic 
quenching. 

If sufficient alloys are added a heavy casting may be 
hardened all the way through by simply heating it to 
procuce austenite and then cooling it in air. Acicular 
structures can also be obtained directly on casting by 
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suitable alloy conditrons. Such castings may be con 
sidered as being heat treated in the mold. 

Iwo other factors should be mentioned before clos 
ing the discussion. These are the effect of the graphite 
flake pattern and the effect of segregation. The pres 
ence of graphite flakes in Cast iron is an open invitation 
for the metal to transform according to the stable state. 


Additional Factors Influencing Transformation 

In steel the metastable transformation of austenite to 
pearlite (y — a + Ca) 1s said to be nucleated by car- 
bide. [he stable transformation (y— a—+ Gr) may be 
considered as being nucleated by graphite. The reac 
tion therefore begins at points where a graphite sur- 
face is in direct contact with austenite, i.e., along the 
surfaces of the graphite flakes. 

Stable transformation (y — a + Gr) does not pro- 
duce a lamellar structure of ferrite and graphite, analo- 
gous to the structure of pearlite. ‘Ihe existence of the 
eutectoid point (C) in the stable diagram (Fig. 4) is 
no indication in itself that a lamellar structure of 
a + Gr must form during transformation. Point C in 
Fig. 4 simply defines the limiting concentration of 
carbon remaining in solid solution in the austenite 

y) after it has cooled to a temperature of 1550 F. 

The anticipated lamellar graphite eutectoid struc- 
ture does not develop when this austenite undergoes 
stable transformation. Metallurgists, to satisfy fixed 
habits of thought, say that the graphite eutectoid is 
divorced. It is simplei to sav that there was no maiz 
riage to begin with. 

In the metastable transformation (y— a + Ca), car- 
bon diffuses to a lamination of carbide and lavers of 
ferrite form adjacent to layers of carbide. This aggre- 
gate is called pearlite in steel. In the stable transform- 
ation (y—a-+ Gr) carbon diffuses to a graphite flake 
and a laver of ferrite forms adjacent to a layer of 
graphite. This aggregate is called primary ferrite in 
cast iron. The mechanism is fundamentally the same 
in both cases; the final aggregate is entirely different. 

It would be expected that the amount of primary 
ferrite in the final aggregate would be influenced by the 
size, shape, and distribution of the graphite particles 
present in the austenitic matrix at the time it started 
to transform. The greater the graphite-austenite inter- 
face, the greater will be the opportunity for stable 
transformation. 

For illustration purposes, imagine a l-in. cube of 
iron-silicon alloy having at its center a single sphere 
of graphite 14-in. in diameter, and assume that the 
cube has been heated and consists of homogeneous aus- 
tenite having 0.70 per cent carbon in solid solution, 
ready to transform. During cooling in air, say that 
there was sufhcient time for diffusion to produce a 
layer of ferrite around the sphere of graphite, this 
ferrite layer being 0.01 in. thick. The ferrite layer 
would develop by stable transformation (y— a+ Gr). 

Che remainder of the cube would form pearlite by 
metastable transformation (y — a+ Ca). If the cube 
were then sampled for analysis, by reducing the whole 
thing to chips and mixing thoroughly, the “combined 
carbon” result would show almost 0.70 per cent, 01 
practically the same amount held in solid solution by 
the original austenite. 

Suppose now that the same 14-in. diameter sphere 
of graphite is reduced to many small spheres, and that 
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these are scattered through the same 1-in. « 
silicon alloy so that the distance between 
spheres is 0.01 in. Ihe cube is now heated 
exactly as before. A laver of ferrite 0.01 in 
again form around each small sphere of g 

Since the distance between spheres is onl) 
is evident that the ferrite layers will merge « 
during transformation to produce a fully fen 
and no combined carbon would be found b 
Any intermediate amount of combined cai 
obviously be obtained by adjusting the size a1 
of the graphite spheres in the iron cube. 

The effects of this mechanism are readi! 
malleable iron, which forms a “bull's eye 
around each nodule of graphite during tran 
tion. Similar effects are found in the so-called ¢ 
steels, which contain substantial amounts of siljc, 
in gray iron, the ferrite forms as layers alone thy 
faces of the flakes, but the same principles apply 

Irons having type D graphite are liable to give my 
more primary ferrite than irons having type 4 graphit 
(see Figs. 9, 10, 11). In cases of mixed structure, w! 
type D graphite occurs at the centers of the eut 
cell pattern, primary ferrite will form as patches 
these locations. 

For this reason, irons having type 4 graphit 


Fig. 9—Amount of free ferrite formed in 5 min w 
conditions of isothermal treatment. Specimens 
austenized at 1600. Iron 149 had type A graphit. 
Fig. 10). Iron 46 had type D graphite (see Fig. 11). 1 
small amount of ferrite formed at 1400 F simply me 
that transformation had not gotten underway in 5) 


Analysis of lrons 
7G. Si 
Iron 149 
(Type A), percent... 3.03 34 0.063 
Iron 46 
(Type D), percent ... : 2. 0.064 
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red tor heat treatment. It is quite €as\ 
quench both types of iron to produce a 
sitic matrix without anv trace of free fer 
cooling does not allow sufficient time for 
yymation to occur, and the austenite unde? 
peratures below 500 F and then transforms 
site. In heavy sections, where the cooling 
center is insufhcient to produce a fully 
ondition, the foundryman resorts to the 
s, following the principles mentioned in 
on isothermal treatment. 

n in steel has been found to influence its 


5 
mn behavior on heating and cooling. If a 
. vanded, due to segregation in the original 
9 which it was rolled, the rate of transforma 
different in different portions of the bar, 
f differences in chemical composition. Simi 
f segregation are found in gray cast iron. 

] gation pattern in cast iron is different from 
' because the mechanism of freezing is dif 
f ist iron, the major segregation effect occurs 
9 freezing of the eutectic and takes the form 
k which has been termed the cell structure 
The | laries of these cells represent the last portion 
tectic to freeze and, consequently, contain 
' shest concentration of segregated elements. Seg 
regat f phosphorus into the cell boundaries is the 
most ous thing noted in the structure. Molvb 
( ! lso tends to segregate along with the phos- 
| is.© In irons containing chromium, the chromium 
carbic nd to appear at the cell boundaries. 

Effects of cell boundary segregation on transforma 
Fig Specimen of Iron 149, heated to 1600 F, 
( to a lead bath standing at 1250 F, held 
} 250 F and finally quenched in water. “M” 
? nartensite, “F’’ is free ferrite. “P” is pearliie. 
af ‘able and metastable transformations are going 
( t the same time. Free ferrite forms as small grains 
along ices of the graphite flakes. Etched. ><750. 





lig 11—Specimen of Iron 46 treated in exas tly the same 
manner as that shown in Fig. 10. Note that the free 


ferrite is fturthey develope d than in Fig. 10. The small 

ferrite grains hai é consolidated into lave rs There is 

one metastable fransftormation to bearlite. however, 

f points n direct contact u ith the surfaces of the 
apbhite flakes Etched . 750 


tion behavior have been noted by several investiga 


tors. ** With moderately slow rates of cooling, the 
cell boundaries tend to follow the metastable trans 
formation (y — a + Ca), while the stable transforma 
tion (y—a + Gr) is favored at the centers of the cells 


Isothermal transformation in the temperature rang: 
from 1350 to 1200 F produces similar effects 

\t lower temperatures of isothermal treatment, the 
transformation is found to be more sluggish in the cell 
boundaries than elsewhere.* Under conditions of ex 
tremely fast heating and cooling, as by induction hard 
ening, some untransformed austenite mav be retained 
at the cell boundaries.® 

Al! of these effects are natural consequences of dif 
ferences in chemical composition at different points 
in the matrix. The cell structure must not be confused 
with the austenite grain size obtained on reheating 
above the transformation range. The cell structure is 
a segregation pattern formed during freezing and can 
not be altered by recrystallization in the solid state 
Control of the pattern goes back to the original casting 
and is carried out by inoculation of the molten iron 


before pouring. 
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Induction Hardening of an Alloy Cast Iron,” Preprint from SCHNEIDEWIND:* The paper by 
Transactions of ASM, vol. 40, 1948 ment—Its Effect on the Combined Ca 
t ot Wheel [ron PRANSACTIONS, ALI 
1939) gives a great deal of data regarding 
DISCUSSION cementite. It mav be seen from his data tha 
S. Vanick. International Nickel Co New York ippearanc of combined carbon is influenced 
i. 2 FAGAN, Cooper-Bessemer Corp., Grove ture of annealing. The decomposition of carl 
the critical temperature, sav 900 o1 1000 
Renuper:* Why should there be a break in the curve s used which ts near the critical Ling 
Fig. 5 at 1500 F instead of a smooth climb? ction is quite rapid 
Vir. Boyes The sudden break at 1500 F, 1 think, is mor Vin. SCHAUM This discussion emphas 
matter of plotting than anvthing else. If you had enough ob describing these diagrams it is important to 
servations it would curve just like it does at the bottom pearlite to graphite transition is a time-temper 
CHAIRMAN VANICK: One of the most fascinating features de Mr. Boy Les That rate of transition is cond 
rived from the presentation Mr. Boyles made is in comparing silicon content In the case of malleable iro 
the difference between the steel diagrams and the iron diagrams quite low. If vou had 214 per cent silicon vo 
in the 1500-dee band, where in the stable system cast iron goes much higher rate at any given temperature 
completely to graphite and ferrite. In the steel system it will These diagrams are not binary diagrams 
go to globular pearlite and ferrite This distinction where the through a ternary system and they are more 
structures do go to ferrite and graphite, if they have time to I indicated. I tried to simplify the principles as n 
complete that action, may become an important procedure it Mr. Diepricks: I agree with Mr. Boyles. 1 
processing Cast irons at some future time. It should be possible that I was about to make. The figure of 20 | 
to stop cooling at that level and wait for the reaction to move break-down of the pearlite, and as the silicon 
along in the stable state te make a new product rate of break-down would be considerably tast 
Mr. Boytes: There is a possibility of that from a time stand R. W. LInpsay Chere is another factor that co 
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have possibilities bon and that is the type of graphite that is preset 
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J. H. ScHAUM Does Mr. Bovles have data on rates of trar combined carbon break-down takes place quite rapid 
formation of the unstable alpha plus pearlite system to the with normal graphite our break-down is slower eve 
stable alpha plus graphite system in the area below A-B? It same analysis 
must be a function of time and temperature in that zone Mr. Renper: Relative to the rate at which pe 
Mr. Boytes: I do not have quantitative data on that. It does decomposes, Dr. Schneidewind indicated some tin 
go much more rapidly as vou approach that line and mucl time-temperature relationship is a semilogarithmic 
slower at lowe temperacures words as the temperature increases the Cime ce 
W DIFDERICKS Some vears ago there was considerable logarithmic fashion, so it is not proportional as 
yoes 
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-RINDING STANDARDS HELP ELIMINATE 
CLEANING ROOM BOTTLENECKS 


By 


Dean Van Order 


VEN FLOW OF CASTINGS through the cleaning 


ong been recognized by foundrymen as an 
factor in establishing sound and economical 
sts. During the war, when many plants were 
ed beyond capacity, the bottleneck tenden 
cleaning room were more than ever apparent 
I did the cleaning room have to correct errors 
foundry, but also had to devise new ways of 
ing this increased production at a minimum cost 
dries which previously had no incentive plans in 
ing room found it necessary to install them 
with established plans had to bring them 
this increased 


if thev intended to handle 


Progressive foundries desiring to meet present-day 


mn soon realized that they had to maintain a 
Grinding, being 


and 


trol on cleaning room costs 
larger operations in the cleaning cycle 

me of the easier cleaning tasks on which to estab 
rates, was quickly selected by time and 

ods engineers for standardization and methods 
Che value of a yood incentive plan on 
mary or swing grinding can be readily recognized 


ment 


ninded supervision. The plan presented in the 
in operation at the present time; it is one that 


to maintain and readily adapts itself to any 


a changes. 


Management and Supervision Must Cooperate 


loo often, time study engineers make the mistake of 
ng the groundwork for installing an incentive 
they actually take studies. Management 
| supervision must be thoroughly sold on any plan; 
st be presented with at least a rough estimat 
st of installation and the benefits and savings 
rived. Management and supervision must be 

y in accord with the plan. 
finitcly the problem of the time study engi 
ell his ideas to management and supervision. 
study department should be the source of all 
‘s and, therefore, an essential part of the business 
al ion. A department as important as this can- 
ned over to just any individual. Almost any 


beLore 


nan \ an average education and common sense will 


ul il Engineer, Burnside Steel Foundry Co., Chicago 


produce accurate time studies, but an ability of tar 


greater magnitude is needed to sell and keep sold the 
study and methods work. The hu 
study 


mechanics of time 


man problems encountered by the time man 
must be worked out with the help of management and 
supervision 

Ihe time study department is strictly a 
supervision. Foremen feel free to ask 
study man to assist them in their production problems 


Quite often supervision is kept in the dark as to time 


service to 


must the time 


study and methods procedures, resulting in poor co 
operation. It is the job of the time study engineer to 
convince the foreman that it is to his advantage to re 
port all delay time, method changes, and any irregu 
larities in the production schedule of his department 

Since the varied 


operations in the modern foundry, it is essential that 


cleaning room contains the most 
the time study engineer have the complete confidenc: 
of its foreman. In all the 
problems encountered in the cleaning room, realizing 


return he must recognize 


that thev will not be corrected overnight. 


Improve Methods 


Before any new incentive plan may be installed, on 
the old one revised, present methods should be thor 
oughly What « improve 


present grinding operations: 


an be done to 


The 


scrutinized 
following factors 
should be investigated 

1. Sequence in which castings flow through the clean 
ing room, with particular attention to backtracking 

2. Possibility of improving the pattern match be 
tween cope and drag in order that the parting line on 
amount of fin to be ground may be decreased or even 
eliminated. 

5. Improvement of core boxes and core prints to 
eliminate some of the potential core fin. 

4. Excessive use of nails and vents. These are costly 
items in snag grinding, the ratio of grinding wheel cost 
to the amount of metal removed being quite high. On 
heavy work, removal of nails and vents by chipping 
may reduce costs. 

5. Use of flogging or necked down cores to reduce 
the contact and grinding area. 

6. Changing the location of heads or gates to make 
them more accessible to the large grinding wheels. 
Metal can be removed at much lower cost on a wheel 
of large surface area than on a wheel of smaller area. 
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7. Use of the proper grade of wheel for the averag« 


type of castings ground. The grit size, hardness, and 


bond of the grinding wheel have a direct bearing upon 
the speed with which the metal can be removed and 
the life of the wheel itself. 

8. Pressure bars mav be used to advantage on sta 
tionary grinding. 

9. Methods of holding castings rigid for swing grind 
ing may be improved. Vibration will tend to break 
down grain structure in the grinding wheel and also 
retard its cutting action. 

10. Castings should be properly burned with only a 
minimum of metal ieft for grinding. 

11. Grinding operators should be properly in 
structed in the best grinding techniques. 

No doubt, alert foremen and time study engineers 
will be able to add other method improvements to 
this check list. Methods which are improved before 
studies are taken will reduce the future work of the 
time study men. Method changes made after standards 
have been set necessitate a change in standard tables, 
standard data and a selling job done on the employee; 
however, any method changes that have to be made 
after standards have been established should be cor- 
rected immediately. If neglected, they will result in 
either poo! employee relations or loose standards. 


Adequate Time Studies 

Various sizes, shapes and weights of castings pro- 
duced in a miscellaneous jobbing foundry necessitate 
that a sufficient number of studies be taken on grind 
ing operations. In the opinion of the author, the num- 
ber of time studies taken should vary somewhere be 
tween 50 and 100 on each type of grinding (swing or 
stationary) , depending on the variation of work. 

The time study engineer must use his own judgment 
on the type of castings to study; however, he should try 
to cover: 1. A variation in weight; 2. numerous head 
and gate sizes; 3. various locations of heads and gates; 
4. amount and location of fin; 5. number and location 
of nails and vents 

Since most present-day foundries have had to pro 
duce numerous types of metal to meet competition, 
another problem confronts the time study man. Al. 
lowances must be made over and above the regula 
types of steel produced to take care of the additional 
grinding time needed on certain high-alloy and high- 
carbon metals. The time study engineer must collect 
sufficient studies on this type of work to enable him 
to determine these additional allowances. If the stand 
ard table is based on studies made on the simpler and 
more common types of metal, then one or two addi- 
tional percentage allowances probably will take care 
of the remaining types of metal. 

Ihe time study man must know something about 
grinding operations before he can take any studies; 
he must be familiar with the types of metal, and the 
inspection requirement on each. Grinding is one op 
eration where the engineer may be misled on pace rat- 
ing. In determining whether the operator is using 
effort to remove metal, he must watch the amount and 
color of the sparks. An ammeter can be installed on 
each grinding wheel to help determine how much 
pressure is being exerted by the operator. 

An analysis of the elements in the grinding opera- 
tions shouid be made before taking studies. If the 
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variable and constant elements and thei) 
ure are recognized beforehand, the time st 
will be able to do a much better job of 
the elements on the time study sheet. Th 
the proper unit of measure for each ek 
secret of establishing a good standard tab 
for grinding heads will varv with the si; 
the head, not the weight of the casting; |i} 
dling the casting will varv with the size 
the casting and not the area of the heads 

At the present time, three swing frar 
located side by side are in use in this plai 
chines are equipped with a fully enclosed 1° 
The belt is a double “V” of sufficient lene 
from wheel pulley to motor pulley. Thx 
which work Is placed are built up of weld 
of flask filled with molding sand. This typ 
is ideal for swing grinding as it absorbs an 
built up by the action of the wheel on the castii 

Six stand grinders are used for grinding small: r 
ings. All machines are 15-hp single motor with dou 
grinding wheels; belt drive is used with four “\ 
on each wheel. 

Extensive tests were made on grinding wheels ; 
determine the best grade of wheel for the averag: 
of castings ground. The wheel selected was th 
giving the best life with the greatest amount of 
removed in the shortest time. Wheel dimensions \ 
24-in. outside diameter and 3-in. thickness. Tests 
conducted on grinding wheels by weighing bot! 
wheels and the casting to be ground before and af 
erinding to determine the amount of metal remoy 
for each pound of wheel loss. Ammeters were insta 
on each grinding machine that was used for the test 
determine if the operators were applying a unilon 
amount of pressure. 

Since the wheels selected were high speed and 
both on the stationary and swing grinders, a surfa 
speed of approximately 9,250 fpm was recommend 
on all grinding machines. New wheels are placed 
the swing grinder and used down to 18 in., from whe: 
they go to certain stand grinding machines where the 
can be used down to the safety rim. By changing t 
wheels from machine to machine as they are reduced 
diameter, it is possible to maintain approximately | 
same surface speed at all times by increasing the spind 
speeds on the various grinding machines. 


Establish Standard Data 

All studies were taken by the snap-back method 
time study watches being used; one watch clocked 
time for each element, and the other clocked the ove! 
all time for the entire cycle. The snap-back metho 
was used because of the smaller amount of cleric 
work entailed in figuring studies, and the east 
which the time study man could follow the operat 
if he changed the sequence of the elements curing! 
study, as will occasionally happen when timing mus 
laneous operations. 

Complaints arising from the loss of a certain amout 
of time or leaving out elements or delays when usa 
the snap-back method was eliminated by the use ot © 
second watch to check the sum of the readings for 
element in every complete cycle. The overa!! ume! 
each cycle must agree within a few one-hu: 
a minute with the sum of the readings for 
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Fig. 1—Time study sheet for stand grinding on 3-in. wheel. 


















some delay time. mal under a percentage system 








y tudies are broken down into elements, and Fatigue or rest allowances vary from 15 per cent for 
Y eact ment is pace rated and quoted for fatigue light castings handled on the stantl grinder, to 40 pe 
ne independently. By pace rating each element, the time cent for heavy castings handled on the swing grinde1 

stud in will derive a much more uniform curve All castings which had to be handled by hoist were 








of rating 


1 that cycle (Fig. 1). If they do not agree, the rating is expressed in terms of 60 units per hour being 
ime study man knows he has left an element out o1 normal; this would correspond to 100 per cent as nor 


plots the elements upon graph paper. Pace given a flat 20 per cent fatigue allowance for handling. 
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Fig. 2—Comparison sheet for stand grinding on 3-tn. and the irregular location of head or gate whic! 
wheel, showing levelled times for each element. require excessive grinding operations for remova . 
10. A rough sketch of the casting with the loca 
of the heads and gates is helpful to the time study 
Actual grinding was allowed 25 per cent fatigue on when he has to refer back to the study. The makin & 
both stand and swing grinding. All pace rating and of a sketch may depend, however, upon the tim 
fatigue allowances are in increments of 5 per cent; ability that the time study engineer has at his dispos 
that is, 15, 20, 25, 30, 35 per cent, etc. An attempt by After a sufficient number of studies have been tak — 
a time study engineer to break down allowances any and computed for pace rating and fatigue, the le) : 
finer than this is purely a guess and will entail more standard for each element is recorded on a com "5 
clerical work. son sheet. A comparison sheet is nothing mor . 
Ihe time study sheet must be a record of all condi a large sheet or sheets upon which all the levelled t , 
tions prevailing at the time the study was taken. This for every element in each study are recorded sid 
is very important, as the time study man must refe1 side so that they can be compared (Fig. 2) 
back to the time study sheet when recording all of his Each element is listed against the unit of meas Pa 
accumulated data on a comparison sheet. The impor selected for it; the standard for removing the heads 
tant items that must be listed (Fig. 1) can be summed gates is listed against the area of the head or gat 
up as follows: standard for removing fin against the length of fu 
|. Date the study was taken with the name or initials standard for removing nails or vents against th 
of the observer. ber and size of nails or vents, and the standard 
2. Pattern number and customer for whom the cast- handling the casting against the weight of the cast 
ing studied is being made. After all elements have been recorded on the f 
}. Number of the operator studied and overall time parison sheet, the constant elements (those whic! 
of the study. not vary with any unit of measure) can be tota 
t. ‘Type of machine and size of grinding wheel upon across the sheet and the average used as standard. | "7 
which the casting was ground. variable elements such as, grinding heads or gates 
5. Type of metal and Brinell hardness at the time stand grinding (Fig. 3), are plotted on a graph an 
the casting was ground. curve drawn through the average of the points. | , 
6. Brief description of the operation. points on this curve make up the standard tab! 
7. Part number or part name if one is supplied by this particular element. 
the customer. It is a good practice for the time study man aie 
8. Brief description of each element breakdown with he has taken 15 or 20 studies to record thera on! 00} 
area of head or gate ground, length of fin, number and comparison sheet and plot the variable elements 
size of nail buttons and weight of casting. a graph. By doing this, before too many studies ha 
9. Any unusual condition about the casting that been taken, he can see certain elements or the rang , 
might affect the time for grinding should be recorded; within elements where more studies should be take! 


" ° . . 1ips 
such as heavy fins, heads burned too high or too low, and avoid the waste of collecting unnecessary studi 















sly mentioned, stand and swing grinding 
simple r operations in the cleaning room 
» establish standards. In both stand grind 
y grinding, the area of the head or gate in 
determines the standard for grinding 
removing metal on the swing grinder will 
in that on the stand grinder as the heads 
larger and the wheel must be moved to 
ich takes longer than moving the work to 
wheel. The standard for handling cast 
irectly with che we ight on both stand and 
ng 
sround on the swing grinder are paid an 
ilue, called resetting, for handling (Fig. 4) 
is paid each time the swing grinder must 
ine aside and move the casting in order to 
orinding areas with his wheel. Resetting 
| on the weight of the casting, but does not 
as handling which covers picking up the 
cing on the grinding block, and finally set 
isting aside. Nails, vents and fins are not 
the swing grinder as they can be removed 
rs at lower cost. 
curves have been drawn for each variable 
time for that element may be expressed 
ula for the curve or recorded in tabula 
ise of a table to set standards is pref rred 
icker and more accurate than applying a 
the opinion of the author. When deriving 
rom the curves, thought should be given to 
m as simple as possible. 
ts which are classed by identical units of 
in be combined in the same table. Every 
iid be made to eliminate any necessity on 
4 the rate setter to interpolate values. Since 
ire only average values, the bracketing of 
over a certain range will not change this 
or example, the removal of any amount of 
60 and 70 in. would carry the value fon 
nn 
nlormation necessary to determine stand o1 
ling standards is recorded on a job specifi 
sheet (Fig. 4). This information is recorded 
m the pattern so that the piece rate can be 
fore the casting is ground. The determina 


Standard curve. for grinding heads or gates on 


th wheel on high speed stand grinder. 
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tion of irregular heads, gates or fin is left to the judg 
ment of the time study man or rate setter. Standards 
for items not covered by the table, such as gauging o1 
grinding special surface areas, are determined by check 
studies unless there is sufficient quantity upon which 
to build a table The specifiy ation sheet should be k« pt 


as simple and neat as possible 


Good Checking Control 


\fter the standard table has been compiled, a pre 
check period of at least 2 weeks should be taken with 
the new standards. During this period, the time study 
man can check the table against actual performance to 
determine if any corrections are to be made before the 
standards go into effect. Also, while this precheck 
period is in effect, the time study man can instruct his 
checkers, or whoever will be responsible for keeping 
track of the operator's performance, on proper check 
ing methods 
Checking may sound like a simple duty, and too 
often will be passed over lightly as far as instruction is 
concerned. Many time study engineers have had a good 
standard table appear tight or loose due to incompetent 
checking. Standards are only as accurate as their check 
ing and maintenance of methods improvement. ‘The 
employes selected to do the checking must be inte li 
gent and honest; he must count accurately and report 
method changes to the standards department 

\ savings In maintaining the piecework system can 
be made by combining the checking for piecework and 
inspection under one person. ‘The employee doing the 
checking should have the authority to reject castings 
if the operator has not satisfactorily completed all of 
the elements included in his standard. The operator 
would not receive credit on his work sheet tor castings 
eround until they met inspection requirements. Occa 
sionally, certain ‘irregularities will arise that are not 
covered by the standard table. The checker must re 
cord accurately the time and number of pieces ground 
under these conditions in order that the operator may 
be properly compensated. 

In the opinion of the author, any foundry with a 
sound, intelligent organization can establish its own 
standards department and install accurate standards 
in the cleaning department, as well as in all other de- 
partments of the plant. 








DISCUSSION 


Chairman: R. J. Fisher, The Falk Corp., Milwaukec 

Co-Chairman; M. E. Annxtcu, American Brake Shoe Co., Ma 
wah, N.] 

\. E. Visk*: Does anyone know of a practical way of taking 
a photo of a casting rather than developing a blue print fron 
a sketch, which I think would be extremely helpful particularl 
in predetermining costs or rate-settingy I have been thinking ot 
taking a picture and transferring it onto a data sheet, but I 
have not found the answer 

Mr. VAN ORDER We thought of that idea also 

Member: We have been grinding castings from standa 
probably 10 years. Previous to our grinding operation we 


sorting castings by pattern number Is it possible to se 


grinding operations on a tonnage basis rather than on a per-piece 


basis? 

Mr. VAN Orpver: If you have a miscellaneous shop you cannot 
do successfully. Perhaps in a production shop you can where 
the heads and gates are uniform. Then I think everything couk 
be ground on a pound or tonnage basis, but in a miscellaneous 
shop I do not think you can do it 

Member: When vou classify those castings you tend to put them 
in a particular group. Do you try to take each casting and figure 
out the operation as you have the size of the gate and so fort! 
Do you try to break those down in a particular group and have 
so many standards? 

Mr. VAN Orper: We go through that same procedure on ever 
casting, | piece to 1000, whatever it is. It does not take long. The 
clerk or rate setter sets the casting specification, measuring 
size of the head even for one piece. We have full coverage 
everything that goes through, whether it is production work o1 
miscellaneous. We do that for every order, every pattern number 

C. O. HIMMELMAN How do you pay your men during th 
time you are taking your standards and doing your checking 
work to be sure that they are putting forth an equitable effort 

Mr. VAN Orper: If the man had been on day work previously 
he would receive his base rate for grinding. If vou were changing 
your table and had some old piecework method in and you 
wanted to revise it you would probably have to guarantee the 
man the old standards while retaking your standards. In som« 
cases we have guarantced men what we call a 75-unit how 
125 per cent We still do that when some conditions come up 
that we cannot measure. Otherwise they would receive daywork 
if they had never been on piecework 

C. J. Prurrr*: How does the author arrive at the correct pe 
centage for fatigue on the various elements for handling grind 
ing, etc.? 

Mr. VAN ORDER There is no set rule for fatigue allowance 
Our fatigue allowances vary from 5 to 50 per cent throughout 
our shop. We have a small machine shop which is include: 
Parts on which we are machining long cuts, we allow 5 per cent 
fatigue. The fatigue allowance on loading a bag of material into 
a car may be as high as 50 per cent. We set up schedules for 
that. Occasionally we have even added over 50 per cent. When 
you Start doing that, however, you should look for some othe: 
method to improve this condition. You are asking a lot of a man 
where you have to add more than 50 per cent factor for relax 
ation and fatigue. I cannot give vou any rule for setting those 
values. The important thing is to be uniform. If you use, say 
20 per cent for handling with a hoist in one department, use it 
throughout your shop. We did not attempt to evaluate or set 
fatigue allowance in less than 5 per cent increments. There are 
some plants where they use | per cent and 14 per cent increments 
I do not think you can be that precise 

CHAIRMAN Fisuer: A few years ago an article in a university 
publication told of results of a study by their medical depart 
ment on the subject of fatigue. They found that fatigue seemed 
to vary with certain chemicals produced in the kidnevs and liver 
and secreted from the body. These chemicals increased with the 
amount of fatigue. Until they develop that further we will have 
to work up our own tables. Possibly some day we will have a 
more scientific method of determining what fatigue is. 

Mr. Visk: I think there are some well developed rest, delay 


1 National Foundry Co. of N.Y., Inc., Brooklyn 
? Oklahoma Steel Castings Co., Tulsa, Okla 
McWain Cast Iron Pipe Co., Birminghan 


GRIND! 


and fatigue curves in a rather old book, Me: 


Rate Setting 


CHAIRMAN FisHer: It might be a good basis 
adjust upward or downward according to vou 
Member: If you pay a swing grinder who req 
for the job, $14 for an 8-hr day and a machinist 
up via an apprentice course the same pay, how 
prevent discontentment on the part of the max 

CHAIRMAN FisHer: Generally in any job eval 
have three major items, skill, responsibility, anc 
tions to consider The swing grinder would 
the skill but probab!y high in working cond 
machinist would rate high in the skill and pr 
in working conditions. The two would balanc 
total number of points 

L. H. Naseruaus*: TI think the $14.00 vou ar 
is an overall rate, base rate plus bonus. I think i 
you would use the standards of comparison witho 
not believe you are making the proper compa 
analysis 

Mr. VAN Orpver: We have a job evaluation p| 
evaluated everybody in the plant, including th 
On that basis it was rather amazing to discover h¢ 
the machine shop men were than what they had 
and what the rate was for strict machine shops in o 

Member: Once a job has been timestudied 
about retiming it? In our particular case ow 
cleaned for two or three days after thev are ma 
times we may have 500 or 800 castings ahead. They 
excessive grinding on them, and the question is do yo 
original studies or just make an off-standard allowa 

CHAIRMAN Fisuer: Figure 3 is the index and 
hour which takes care of those variations in the au 
In our plant and in many other plants they mak: 
allowance for that extra grinding. The standard st 

R. R. McCuintic*®: Your standard for grinding heads 
mind, presupposes a uniform height. Were you reason 
cessful in having vour heads come to the grinders w 
height? 

Mr. VAN Orper: Yes, I think we were. Before vo 
should see that thev are getting the castings burn 
before vou even start to set standards in the jobs you 
to study. We occasionally get high heads. As a w 
good conditions under which we study our jobs 

Mr. McCuintic: Do vou establish vour standards fo 
coremaking and cleaning from the pattern? 

Mr. VAN Orper: In 90 per cent of the cases we « 
run into certain jobs where the rate setter is not abl 
the finished casting. You can do it vourself and somet 
cannot visualize just how some of the cores are going 
the finished casting. We may hold up the specificatior 
recheck in the cleaning room 

Member: Do your men tend to relax after thes 
their task point? 

Mr. VAN Orper: Perhaps to some extent. Whether 
tend to work just as hard physically for short periods ar 
or work at a rather even pace over the whole day is a goo 
tion. I feel that when men are working at an excess! 
they are making a poorer product. We found from exp 
they have stretched it over the day more evenly 
way we might want to see it. We are not trying to ta 
from our men. We are trying to have them work a 
and get a little better product at the top point 


R. J. Loces*: Is that expense allowance you have mad 
day workers’ down time, or do they have checkouts f 
time? 

Mr. VAN Orper: We check out for the down ti! 

Mr. Locrs: In other words, the expense is just ! 
condition? 

Mr. VAN Orper: We try to eliminate the down 
We may have a minute or two here and there, w! 
record, which the curve would help. Any item 


catch is recorded and is paid as day work 


* Cincinnati Milling Machine Co., Cincinnati 
5 Oil Well Supply Co., Oil City, Pa 
® Kramer Bros. Foundry, Dayton, Ohio 
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{IBSTRACT multiple cavity molds. When employed tor this pur 


pose, the plaster is usually compounded with various 








high permeable gypsum metal casting plas 
eloped, embodying the following advantages types of fibrous and retractory aggregates such as 
ed degree of permeability may be obtained wit} fibrous talc and finely ground silica 
\ composition widely used for the preparation ot 
, lrati »f the molds is no longer necessa ~ 
: ; sally such molds comprises (0 to 50 per cent plaster ol paris 
need on De removed favin lhe chemica ‘ 





A 20 ( 
hich is liberated as steam and diffuses readi and 30 to 2 per cent fibrous talc. In use, « MN POsITLONs 


permeable mold structure when the molten meta ot this type are generally mixed with a relatively high 






he mold. This serves as a chill to the metal and proportion ot water, in the range of 120 to 180 parts 





netai charact 





eristics 





ot water to 100 parts ol plaster by weight 













hurnout temperatures are possivle viiicl prac 
, . Ihe plaster slurry or mix so formed is poured ove 
es any adimenstonai changes t? fie n da Thus i 
he mold shrinkage of 1.0 to 2.0 per cent commor a pattern and allowed to set Ihe set mold is de 
plaster formulas often resulted in dimensiona hydrated completely to liberate the free and chem 
varped, or cracked molds ically combined wate Lhis dehydration is accom 
d strength, hoth in the wet and burnout’ stage, 
~ plished by heating the mold at temperatures ranging 
ess mold bre kage and permit tie pouring of 
: from 400 to 1400 F for varying periods depending 
j es of time and fuel are possible by the use of upon the size and shape of the mold. This is necessary 
er, since “burnout” can be accomplished in less to insure complete removal of all free and chemically 
at 
' ae : combined water, since the presence of even minut 
reater degree f operational flexibility is possible 
esebilite andl mold steenath can be voried to ft amounts of water in the mold at the time of casting 





would result in production of imperfect castings. The 


ndition 


flexibility of this process plaster, plant contro heat of the molten metal would convert any water 


, 








{ti \ sivnp ? 1? ba uln st ntir ly 
alive ple, and are based almost ¢ wey S present into steam, which cannot esca pr readily be 





e mold. Once this is established, mixing 





cause of low permeability of this type of mold, and 





be standardized 


would result in rough surfaces and blow-holes in the 





casting 





Use OF GYPSUM PLASTERS with various additives 





The high temperatures employed in the dehydra 





ding compound into which non-ferrous metals 





tion, or “burnout,” process are accompanied by mold 





ist is not a new development. For many years 


brass, bronze and aluminum has been comme} 


) 


shrinkages ranging from 1.0 to 2.0 per cent depending 





: on the temperatur¢ used. The higher the “burnout” 
cially cast in plaster molds. The advantage accruing 





temperature, the higher the degree of mold shrinkag« 





he use of plaster molds over sand foundry prac 





In addition, the strength of the mold as cast which is 





e as follows: 





about 100 psi is reduced approximately 0) per cent 





lccurate reproduction of fine pattern surface i 
in the “burnout 





Plaster molds are superior to the sand molds 





lucing smooth and finely detailed surfaces. 

















-. Production of dimensionally accurate castings. Advantages of Process 
Soe, nytt ; : 
ivings in machine finishing operations required are 
{ Sng I Ihe chief disadvantages of this process are as 
irequ y more than sufficient to compensate for the follo. 
. m . ( OWws. 
cost of mold materials and processing olf ; 
. at I 5 l. Size of the casting is limited due to the low 
, AS olds as compared with sand molds. 
strength and low conductivity of the mold 
ze scale production of small detailed castings mn 
: ; ' . 2. Inferior metal characteristics because of the slow 
in efficient produc tion line operations, using ; 
rate of cooling of the metal. 
° hs — 5 “xcessive mold shrinkage on “bu mut” whi 
. lurgical Development Engineer and ** Research En a Ex a vold “ro hae hich 
S. Gypsum Co., Chicago. often results in cracked or warped molds 
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During the war years, the advantages of precision 
metal casting in plaste molds became known, indi 
rectly, to many people. This led to ideas, sometimes 
exaggerated, as to what could be and what could not 
be produced by this process. Precision metal casting 
is a comparatively undeveloped industrial art. How 
ever, it has reached the stage where overall costs are 
reduced and quality of the castings is improved. In 
many instances, metal casting in plaster molds can be 
substituted for other casting methods in order to elim- 
inate a long series of expensive machining opetations 
of a given part. Loss, due to rejections, can be greatly 
reduced because rejected parts involve the loss of only 
the plaster molding and metal casting operations. In 
ordinary sand casting, porosity, or other common sand 
casting defects are often only discovered after a series 
of machining operations and the loss incurred due to 
rejection at this point involves not only the cost of the 
molding and.casting operations but also the cost ac 
cumulated in the machining operations. 

It was because of the rather wide-spread interest in 
the use of gypsum plaster for metal casting and be 
cause of the inherent shortcomings of the present 
processes that an intensive research program was un- 
dertaken to produce an improved metal casting plas 
ter, which would be better adapted to the casting of 
non-ferrous metals and alloys. Numerous attempts 
have been made to produce plaster molds having a 
higher degree of permeability than is obtainable by 
the use of the above described plaster compositions 
and processes. he best known method for producing 
permeable plaster molds is the patented Antioch proc 
ess. By this process molds may be produced having a 
variable range of permeability, but the process is 
lengthy, highly technical, and the equipment ex 


pe nsive 


Object of This Study 


Our aim was to develop a plaster tor use with non- 
ferrous metals which would: 

|. Have a wide permeability range. 

2. Produce as smooth a mold surface as is obtain 
able with the present plasters. 

3. Have greater mold strength, both as cast and 
after “burnout.” 

!. Give better metal characteristics to any metal 
cast im it. 

). Possess no undesirable characteristics not inhe 
ent in the present plasters. 

[his research program has been largely successful 
in developing plaster that meets these requirements. 

Molds made by this new process may be used in 
highly mechanized casting systems, or in small found 
ries. Brass, bronze, aluminum alloys and practically 
all types of non-ferrous metals can be accurately and 
smoothly cast providing one is willing to follow direc- 
tions carefully. until experience has been gained in 
using the new metal casting plaster. 

Chis product as developed is completely formulated 
to include sufficient refractories to reduce thermal 
shock, fibrous binders to add strength and a degree of 
flexibility, and ingredients to produce the necessary 
porous structure. 





New PERMEABLE METAL Cas) 





Some important factors in the successtu 
newly developed permeable plaster casti 
are: 
1. Mixing equipment 
2. Mixing procedure 
3. Pattern equipment 
t. Parting or separating compoun: 
» Mold “burnout” 
6. Gating and risering 
7. Metal temperature. 
1. Mixing Equipment—A mechanical mixe 
esssary to obtain a satisfactory mold. In ‘ord 
produce efhciently and rapidly the uniform ¢ 4 




































mold structure, upon which the mold permeabilit 
dependent, a special type of mixer had to be des; > 
2. Mixing Procedure—Under this heading ay, 
three factors: i 52 
(1) Water plaster ratio, 
(2) Mixing time, and 5 
(3) Temperature of mix by which the physica u 
erties such as permeability, mold density, and , 
ea 
strength are controlled. The effect on mold pen 
bility of varying the water plaster ratio is show 
Table 1. In general increasing the water plaster rati 
increases the permeability, if all other factors ar 
constant. 
Che effect on mold permeability of mixing tin: 
temperature of the mix is shown graphically in Fig 
For example, it can be seen from Fig. | that a p 
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Fig. 1—Effect of mix temperature and mixing time 
mold permeability. 



























































Mixinc Time vs. PERMEABILITY OF THE DRY 





PLasTeR Motp Usinc Mrixinc WaTEeER aT 70 F 
f 

M \.F.A. Permeability 

At 75 At 80 At 85 
Consistency Consistency Consistency’ 

5 3.9 5.8 
5.6 7 10.8 
98 12.3 18 
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i 2—Typical setting expansion curve. in certain cases, it is advantageous to employ slurries 
at elevated temperatures, In the range of 125 to 150 1 
. . 51.6 to 65.5 C). Higher mix temperature make for 
Ll (A.F.A. URITS) 8S obtained with a mixing a more efficient mixing operation and decrease the 
12min. and a mix temperature of 70 F setting expansion of the mix rhe latter factor is im 
_ By increasing the mixing time to 3 min. and holding portant at times in getting mold release from patterns 
temperature constant, the mold permeability Figure 2 shows the typical expansion that occurs 
 increncad en, OS 
2 ised to 23 (A.F.A. units). Also, it may be noted during the setting, or hydration, of the mix 
Dat nere S oO . " > > > wy ( < 
. ncreasing the mix temperature from 70 to 90 I Phere is a definite relationship that exists between 
+! to 32 C) holding the mixing time constant at < the wet mold density and the permeability, which 
i) +} os : “ , : 992 
> mold permeability is increased from 10 to 25 provides an easy and simple method for control of 
Bm A.t init ) 
= - permeability in the foundry. Figure 3 shows this rela 
lixing recommendations call for a water plastet tionship graphically 
al t SU rs » > - 
— we parts ol water to 100 parts of plaster by By determining the wet density of a mix at periodic 
ight ] > . > * . > 9 " . 
xing time may be varied from I to 3 min intervals during the mixing operation, it is possible by 
' nadir ‘ > > 7. > . rh <ITe ; 
‘pending on the degree of mold permeability desired reference to the wet density-permeability graph (Fig 
LIN perature should be at least 70 F (21.1 C) and 2 


}) to determine accurately the mixing time required 
to produce a mold of any desired perme ability 

This determination is made by simply filling a con 
tainer of known volume with the wet mix, weighing 
it. and then converting the density figure obtained to 
lb per cu ft. In this development work, a 2-in. x 4-in 
cylinder was used and the density in lb per cu ft was 
obtained by multiplying the weight of the cast cylinder 
in grams by the factor 0.505 
Mold strength decreases as permeability increases 


The relationship between these two factors is shown 
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/ 2 ; Wet de nsity of mold i s. pe rmeability. oo 
gob + + + + 4 
r + + + + 
70 ae 
in Fig. 4. Mold strength can also be predicted in ad se} | WET DENSITY OF / , 
vance from the wet density. Figure 5 shows the rela sd | 1 . . , Re 
| VS PERMEARB/L: : 
tionship between wet density and mold strength. oul | : 
‘ lvarer - 80 parls ~ PVa8 Ter 100» : 
[he setting time of this plaster is currently held to ~ | = 60 ADO 2 -%% ty wergps . 
“ 2 | Lx Torr ecr oie = 200 
about 15 min., but by the use of accelerators, or re¢ > Set 
s . ) z 
tarders, it may be varied to suit any desired condition. s , 


». Pattern Equipment—Cellular compositions as de 



































































































































< r 
scribed above may be formed over many types of lk . 
patterns. Patterns suitable for sand practice are not <x so} 
generally suited tor use with plaster since their su >8 
faces are not always perfectly smooth and unless they » a 
are, difhculty in getting good mold release from the 3 : 
“a | a z 
pattern will be experienced. It is imperative that the ? 
pattern equipment be excellent. Flexible patterns may 5 “or 
be advantageous for some intricate castings, where S 
mold release would be difhcult. Qa 
The customary metal shrinkage allowance must be P| | | | | | 
made on the pattern. Since much lower “burnout” ac. 
temperatures are possible with new plaster no addi 3} 1 + , i | 
tional allowance for mold shrinkage need be made. 
\n outstanding characteristic of this new plaster is 
ae at + : ' 
that it produces a smooth surface wherever it is in 
| 
ry , | ; 
Fig. 4—Mold per meability vs. wet and dry com pressive A & 
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it a water plaster ratio of 75 lb of water to 10 lb ol 





a 8 WET DEN. Ty Fe Mary pe 
, d LE/YS/7TY OF £’FJOLD plaster was used and about yy per ce nt if a wate 


ws PNET AND DRY : 
Bs se aR , plastet ratio ot 80 lb ot water per 100 Ib ol plaster 
COMPRESS/VE STRENGTH 
om lerer-S0p071s ~Plaster-loQwarls by weg hh was used. It is theretore necessars 
tx “empecrotuce ~ 70°F” 


to drv the mold 





until it has lost the 34 or 37 per cent of its wet weight 


Calcining the Mold 











vuey © 3 
ie 2 It molds ot lower permeability (3 to 7 A.F.A. units 
@ are used, it may be necessary to calcine them by drying 
~ them until they lose up to 46 per cent of their wet ; 
- weight by removal of a part or all of their chemically 
be oT combined wate The initial drying temperature ts 
- not too critical and may be as high as 600 F (315.5 ¢ 
“ since the actual mold temperature will not rise much 
: “ 4 above 212 I LOO ¢ until all the tree moisture 1s 
x | | | = evaporated. When the bulk of the tree water has 
“1 been removed, it is best to lower the oven temperature 
mi j + 1 to about 250 | 121 < until the molds are com 
™ pletely dry. 
It unvented plaste cores are to be used in. the 
a ad WET nant’ -48 Cu _ — ™ molds, they must be carried to partial, or complet 
calcination at approximately 400 F (204 C) to elim 
ensity of mold vs. wet and dry compres- inate danger trom release of steam during casting 
sive strength. Due to the low burnout” temperatures possible 
with this new plaster and the resultant iow mold 
shrinkage it Is possibl to use metal flask equipment ° 
th the pattern, but immediately beneath and permit the flask to remain on the mold until the 
— a surface. the structure consists of an inbnin castings have been poured. Ihis method ol handling 
f tiny air cells with interconnecting porosity. will permit foundries to handle much larger and 
BBP his is clearly shown in Fig. 6, 7 and 8. 
[ ng oO Separating Compounds Commonly 
hed separating or parting compounds to effect mold 
, rlease trom the patterns include parafhin wax suspen 
TLL | s, or solutions, and oil-wax emulsions. Anti-foam 
| Mmg agents may be incorporated in the separating 
r | li to increase slightly the thickness of the micro 
borous, non-cellular plaster film that forms adjacent 
pattern surface. This aids in preventing surtace 
= pture in pattern removal and also during the 
casting operation. 
ss Mold “Burnout’—The length of time required 
roper degree of “burnout” or drying, betore 
g the metal depends upon several factors. 
lype and degree of heat employed, 
Extent of circulation of heat in the oven, 
|| Size of the mold, and 
— Ratio of surface area to volume of the mold. 
a sequently, no accurate predictions can be made by 
= burnout” time. The proper time cycle for any given 


d may be determined by periodic weighing of the 
_— oid during “burnout,” or by following the internal 
d temperature by means of an imbedded thermo 





| 
\tter the mold has been removed from the pattern, 
be uniformly supported face up on a flat 
0 | metal plate, or on a rigid metal grill and 
faced in the drying oven. 
When the plaster is mixed with water, the dry plas | 
ies chemically with 14 per cent of its dry 
eight ater during the setting action, or hydration. 
in excess of this 14 per cent must be evapo- 
5 4, fed belore casting of metal. This excess wate Fig. 8—Macroscopic view at 20X of the permeable 
mold structure shown in Fig. 7. 


unts to about 54 per cent of the wet mold weight 
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cated molds than were hitherto possible, 
gistering methods can be retained. 

wossible to regulate mold strength so as to 
possibility of “hot tear.” This is don 
, the permeability, or by calcining the 
ld slightly, which gives a result comparable 
ramming of sand. Usually, during the 
the metal, this latter is automatically ac 
since the hot metal in contact with the 
ly calcines it and reduces the strength of 


i 
by as much as 50 per cent. Mold porosity 
rnal crushing during metal freeze. 
( ¢ and Risering—Because of the insulative 
he molds made from this plaster, gates 
de smaller than in sand, resulting in a less 
flow of the molten metal. On experimental 
lds ies and gates may be carved in the wet 
Ids ease. However, the carved surfaces should 
smor d caretully to prevent loose plaster particles 
ing into the cavity during the metal pour. 
standard production, all gating should be part of 
natterl As is customary in othe type molds, it 
sood practice to vent high portions of the mold 
id in gas release. 
7 M temperatures—Since this new plaster is 
ss conductive than other molding materials, metal 
be cast at lower temperatures than is common 
sand molds. It is advisable to keep casting tem 
tures of heavy castings below 2000 F (1093.3 C), 
some chemical decomposition of the gypsum may 
Small thin 
sectioned castings may be cast at temperatures up to 
0) F (1260 C). The metal should be well skimmed 
nd poured without much delay. 


ur with subsequent metal attack. 


Field trials of this new plaster have been made in 

matchplate industry, precision metal casting field, 
und as cores for permanent molds and sand casting 
nd the results to date are highly favorable. Addi 
mal research is being conducted for the improve 
ent of this product, correlation of field data, and 
rther adaptation of this product to the metal Casting 
ndustry in general. 


DISCUSSION 


1 R. W. Parsons, Ohio Brass Co., Mansfield, Ohio 
Co-( man: A. K. Hiceins, Allis-Chalmers Mfg. Co., Mil 
\. K. Hiceins (Written Discussion): In the past, the appli 
of plaster molds to the casting of the random parts that 
ound in even a small foundry has necessitated a refinement 
ontrol, and a degree of skill in the development of process 
it was beyond the reach of most of us. Where single de- 
igns were ordered in large enough quantities to justify the 
eded development, plaster casting has been, and remains 
ttractive. It has not been applied successfully (to the best ot 
y knowledge) without a rigidity of control and process that 
| horrify the average foundryman. (It is interesting to 
‘speculate on the probable changes in casting quality that would 
sult if the same conditions were applied to the sand foundry) 
Chose of you who have not tried plaster casting will find 
ird to believe, the amount of warping and distortion that 


Ui¢ 


may occur in a plaster mold when drying is not uniform, or 

er good conditions when mold symmetry is bad, The 
mew of plaster proposed by the authors appear to offe1 
some ise from these problems. The new plaster would 


offer possibilities for use of modern types of equipment 
maximum production rates in minimum space 
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\s i ee. ipic CACCSS cl < \< ip i 
nitor tne se ol Clectri¢ ca l ec com im i 
ot a l2-in. x | n ‘ i overa shi d di 10 1 

) cs pM er tre i2.U KW ene! It ile atic ot 
ne cast v irlace Ss re 1ires < sc ot i-red wou see 
ogica ] cam ( I tim Lr ) t¢ ‘ cast M4 
couk become il ilte ot ites Ta < irs (a i \ 
the hig permea i r | Stcl oves ‘ ( er ot 
exploding the mold | too rapid heat | We have dried 
samptes Oot this p iste! Y the ove metho. have © is 
vet cast metal into them 

l wouitd Ke to thank the iuthors tor i i e contriputliol 
to the non-terrous casting cust 

Min. Muiericks Commenting on Mr. H n's method of di 
electric drving, it is one method we did not try, but I can see 
no reason why t would not work It vould certainly he , 
tast method ot drving We have done some work with intra 
red ray drving and found it successful 

In most instances we have used a gas o electrically heated 
core oven 1 he drving problem will have to de worked out n 
your individual plant W know how much water has to be 
taken out how { s removed will depend on thre facilities 
ivallable But one can see from the amount of water that has 
to be ev iporated andl =the temperatures requ rea that t is cor 
siderably less than was previously necessary, and should be less 
expensive Drving at 1500 F in a radiant oven was rather 
costly and caused a great deal of warping and shi nkawe 

W. O. Wernmorye I have three questions imout this material 
We have been unable to obtain satisfactory results with infor 
mation and materials supplied us in the past 

| Is this new casting plaster ivailable ind are ! dat 
given in the paper applicable to its use 

4 Can cores ot this material be removed by any method ex 
cept hand chipping? 

} How thick a section of aluminum can be cast around a 
] in. core of this material We are using vreen Sand mold 


and desire a very smooth finish on inner surfaces which cannot 
be machined 
Mr. MIrrickt Phe materi 


We are not trving to 


| is available to a mited extent 


mut out a product that is not fully 


developed We can make good castings and 


ve have had tail 


ures. Hand chipping is not required to remove the cores 


I cannot give you a definite answer to the third part of your 
question Chis practice should be quite similar to sand prac 
tice because your core crushing strength can be regulated by 


calcination and by permeability 


1) 


HrramM Brown:? Have you tried tl 


s investment casting wi 


the lost pattern process Would vou briefly go over the baking 
cycle, temperature and time on that new permeable mixture 
Mr. MIERICKI 


the lost pattern process, especially for wax and polystyrenes 


Frankly, this material may not be suitable for 


since the porous structure may Cause wax OF p! istic absorpt or 
We have other materials available for the lost wax. Some work 
was done in using a non-permeable material as a precoat, thet 
filling the rest of the mold with this permeable material as 


« 


the two will adhere The temperature of your mold must | 
raised sufficiently to remove all wax and plastic The tempera 
ture required to remove wax and other residue (800 F approx 
will calcine the mold completely 

In answer to the second part of Mi jrown’s question, | 
have dried some highly permeable molds for aluminum by 
leaving them in a high velocity oven at about 150 F overnight 
and made sound castings with good surfaces. On other molds 
we started with an oven temperature of 500 F for one-half 
hour, then lowered it to 250 F and had our drying cycle com 
pleted in 3% hr. The drying cycle will vary with each instal 
lation and the number of molds to be dried. If the oven is 
loaded, there is more water to be eliminated 

Member: Does this new plaster have greater tolerance for the 
lead brasses and bronzes? 

Mr. Miericxe: The 85-5-5-5 alloy still gives trouble. You can 
get somewhat better results by going to partial calcination 
Even witb the permeability available any alloy containing over 
114, per cent lead will give trouble. However lowe melting lead 


alloys may be cast successfully 


iT S Naval Ordnance Test Station. Invokern. Calif 
2Solar Aircraft Co., Des Moine Iowa 


———s le 








ELECTROCHEMICAL CLEANING 
OF A LARGE STEEL CASTING 
AN EXPERIMENT 


By 





John A. Wettergreen ’ 
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DURING THE RECENT WAR a process was developed 
at one of the company’s plants for electrolytic molten 
caustic cleaning of small parts. This process was suc 
cessfully used over a period of several vears for the 
cleaning of small castings and forgings. Sand, scale, 
erit, dirt, oils and greases were satisfactorily removed 
prior to tinning, plating and soldering operations. ‘The 
results obtained by this method were far superior to 
any other method available, both from the standpoint 
of time required and effectiveness of results. This early 
work was the basis for the cleaning of a large casting 


as reported upon in this paper. 


Experimental Installation 


As shown in Fig. |, the experimental installation 
consisted of a motor generator set rated at 5000 amperes 
at 6 volts, a fabricated steel tank with immersion type 
gas burners, and the necessary fixtures for handling the 
casting. The tank, which was 8x10x4 ft, was sunk be 
low floor level in an abandoned molding pit. 

Since it was planned to use this installation for only 
one cleaning cycle, it was necessary to provide means 
for disposing of the molten caustic upon completion 
of the experiment. The tank was provided with a drain 
near the bottom controlled by a gate valve. ‘The valve 
Ihe handle for operating 


was manually operated. 
I his drain disc harged 


this valve may be seen in Fig. 1. 
into another pit adjacent to the tank pit. A crane-sus- 
pended ladle was filled with molten caustic and the 
After solidifi- 
cation the caustic was diverted to other uses. 

The complete lifting device and electrode holder is 
2. ‘This apparatus was assembled to 


caustic poured into 55-gal steel drums. 


illustrated in Fig. 
the casting prior to preheating of the casting and re- 
mained in place until completion of the cleaning cycle. 


Co., Schenectady, N.Y., now 


Chicago 


General Electric 


Bucyrus-Erie Co., 


* Formerly with 


with Monighan Diy 


The electrode supporting rod was construct: 
diamete coppe above the bath level and 2 j; lia 
steel the the bath, with fow 
each 14 x 4 in. 

Approximately 19,000 lb of flake causti: 


be low level ol 


charged into the preheated tank. The 
11,000 Ib was added in smaller batches at 
during the first 24 hr of melting. A total time of 3s 





Du 
melting operation it was determined that th 
temperature was 300 C. 

No particular difficulties were encountere 


was required to complete ly melt the caustic 





ing the caustic, aside from the time consumed. 7} 
ot the 


The te 


maintain 


time is not considered excessive in view 
amount involved in the experiment. 

the molten caustic was easily 
tween 400-450 C. Ihe bath temperature after n 
was quite uniform, with a maximum variation 
proximately 10 C between different points in the 
at any time. All bath temperatures were taken 


an immersion type recording pyrometer. 


ture of 


































Preheating the Casting 

mciru¢ 

Ihe complete assembly of casting, lifting device for aj 
electrode holder with electrodes in place, as show! oo 
Fig. 2, was preheated in an electric car bottom furna deaien 
to 400 C. The casting temperature, as measured b ~ 
1S 

place 

Fig. 1—Developmental installation for experiment \t 
cleaning of steam chest portion of cast steel tw shut 
shell by electrolytic molten caustic method. Ris 

that | 

comp 

plete 

bee n 
resul: 

this | 

crane 

mate 
Th 
mects 


t the 
fas } 
nem p 
bath 
















GREEN 


eter during the transfer of the preheated 
the furnace to the tank, was 300 to 325 ( 


i ngs were taken approximately 5 min afte 
' ym was pulled, and when the casting was 
‘ e foundry floor at some distance from the 
f purpose of pre heating was to eliminat 
; und prevent chilling the bath of molten 
4 
troducing Casting Into Molten Caustic 
id travelling crane was used to slowly 
] isting into the caustic bath. Great care was 
. this operation because it was realized that 
' inger of air trapped in the cored openings 
4 vhen heated, and ejecting molten causti 
{ sting cavity. Although considerable agita 
' d within the casting, there was no splashing 
' yond the confines of the tank and no undue 
] perators. The greatest amount of agitatior 
. yme from gases génerated by the reaction 
} caustic and silica 
casting was in place on the supports pro 
\ crane Was disconnected and electrical con 
, 1d One side of the bus was connected to 
{ a support bracket, and the other to th 
The connection consisted of fou 4 x 4 
irs for each side of the circuit It was nec 
, in the oxide from the copper bars before 
the connection [his required about 50 
was necessary for the electricians to wea) 
} lothing and work behind asbestos shields 
he reflected heat 
Oxidizing Cycle 
\ he casting positive, power was applied fon 
iately 3 min at 2200 amperes. This resulted 
q oxidizing condition which would have removed 
ganic material present, such as grease or orl 
Act vy, this cycle was unnecessary because of the 
| iting to 400 C 
| polarity was reversed and cleaning was con 
stinued at approximately 4000 amperes and 6 to 7 volts 
for approximately 2 hr. During this cycle, considerable 


agitation occurred in the interior bores of the casting, 
particularly around the electrode ends. There was 
some evolution of gas and caustic vapor from the tank. 
[his vapor was objectionable only when operators 
placed their heads directly over the tank. 

\t the end of this 2-hr cleaning cycle, the power was 
shut off, the leads disconnected and the casting re 
moved from the bath for inspection. It was observed 
that a considerable amount of cleaning had been ac 
complished. In some areas the cleaning was incom- 
plete and, in the particular area where fused sand had 
been observed prior to cleaning, an appraisal of the 
results was impossible because of inability to observe 
this portion while the casting was suspended from the 
crane. Observation of the casting required approxi 
mat 1) min. 

Further Cleaning 

Che casting was returned to the bath, electrical con 
Mections restored, and cleaning resumed. At the end 
Ht the 214-hr period of additional cleaning, the casting 
fas removed and the caustic allowed to drain off. The 
temperature of the casting upon removal from the 
ath measured by contact pyrometer, was 360 C on 





/ it ? \/ ; f rl¢ ¢/ ,' ? j ] f 
re les 4 / 
é \ 

the cleaned surtac and VboOo ( m the portion ot the 
castl ich had not | in ca 

\s mav be seen in Fi Onyv t i ( | rti 

| the casting was cleaned during tt XD nt | 

reasons for confining the clean to this portion of th 
castine were threectold 

|. Most severe conditions of fusion and penetratior 


] 


are encountered I 


in the steam chest portion ol 


Any results accomplished on this portion of 


the casting would be easily duplicated 


2 I he steam chest portion of thi casting 18 the part 


which is subjected to the high pre ssures and 


castings 


on othe parts 


tempera 
tures in service, and it is therefore the most critical 

}. By confining the cleaning to the steam chest end 
of the casting, it was possible to keep the installation 


within practical size and cost limits 


Washing the Casting 


After cooling to room temperature the casting was 


removed to an isolated yard area and washed with a fire 


Fig. 3—Caustic being washed from cast steel turbine 
shell, steam chest portion of u hich was experimentally 


cleaned by electrolytic molten caustic method. 


















hose. It required approximately 6 hr for this operation 
(Fig. 3). Checks for remaining caustic were made by 
the use of litmus paper and phenolphthalein. 

Ihe casting used for this experiment is known as a 
“turbine shell lower,” with an analysis of carbon, 0.20, 
manganese, 0.76, silicon, 0.37, and molybdenum, 1.10 
per cent. Pouring weight was 43,300, and shipping 
weight 18,000 Ib. This is a representative example of 


the larger, more complicated, and critical castings mad 
in the Schenectady Works steel foundry of the company 
for steam turbine us¢ 

Because of the intricate coring and a design involy 


ing extremely heavy sections, this type of casting is 


Fig. 4—Cast steel turbine shell, steam che 
which was cleaned by ele trolytic molten 
od. Close up vieu showing typical fused 


7 


frons on exterior fillets not cle 


subject to the occurrence of considerabl 
and metal penetration in the outside fillets 
cored openings (Figs. I and 5). 3N close col 
materials and foundry practices, these cond 
been minimized to the extent that they pr 
a problem than was the case in the past 
even under present improved conditions cl. 
resents a major element of cost. 

Ihe particular casting chosen for this 
contained an unusual amount of fused sand 
trated metal. It was conservatively classified 


than average” before caustic cleaning 


Penetration and Fusion 


Mechanism of metal penetration into sand 

the subject of considerable investigation and 

ing. Its removal from steel castings has always 
a major cleaning problem, particularly in fow 
producing heavy-section castings. As normally 
countered it consists of a network of metal partic! 
minute cross section mixed with fused sand (Fig 
In the removal of this material, shotblast is quit 
effective and chisels are readily dulled. If condit 
permit, a chisel can sometimes be inserted betwee 
casting and this conglomerate, and pieces can 

moved by prying. Sometimes it can be pulveriz 


Fig. 5—Steel turbine shell, steam chest portion 

was cleaned by electrochemical process. Com{ 

cleaned and uncleaned portions of casting. Ste 

only was cleaned. Note condition of fillets and a 
of burning slag on horizontal joint at cleaned er 


nun 








inding with a pneumatic hammer and 


iccessible cored openings this is quite time 


se of the subject casting the electrolytic 
tic cleaning process completely removed 
si.ica particles except in the two cente 
he port chamber. In this area fully 80 per 
fused sand was removed, and it is certain 
xtension of the cleaning cycle would have 
the removal. The small amount of fused 
ning, due to too short a cle aning cVv¢ le, was 
and the author was able to pulverize it 

chisel and machinist’s hammer (Fig. 6 
¢ imples of penetrated metal, after removal 
he caustic bath, were combined and analyzed 

tion. These results are compared with cast 


sition as follows 


Penetrated 
Metal 


( 0 ae 0.20 not analyzed 
\l se, per cent ’ 0.76 not analyzed 
LVS . per cent Palate 0.37 0.22 


oul \ im, per cent : 1.10 1.58 


rticles | . sults prove conclusively that the penetrated 
| , t ferrous silicate nor iron oxide, as has been 
other investigators. The material is defi 
same as the casting. Still unexplained is the 
a chanism which will permit steel tapped at 2850 F 


ed from a 20-ton bottom poul ladle to “run 


wing molten caustic cleaning the casting was 
ited at 1050 C. After heat treatment the metal 

ion was found to be quite fragile so that almost 

ff it could be rubbed off with the finger tips. Ap 
ntly, it had become completely oxidized (Fig. 7) . 
Figure 8 illustrates the progressive removal of fused 
sand from this casting. In the case of (A) the material 
sshown as normally encountered; (B) some removal 
i fused sand has taken place; (C) illustrates complete 
removal of fused sand with the penetrated material 
remaining. Laboratory indications confirm these ob 


servations as follows: 


A B Cc 
8 43 46 Trace 
Metallic lron (Fe) , per cent 56 31 97 
Iron Oxide, per cent ......... Small ys Small 
Amount Amount 


* Probably due to anneal 
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[he casting which was the subject of this experiment 
had not been annealed or heat treated As a result no 
evaluation of the efhciency of this process in removing 
annealing scale is possible in connection with this 
particular experiment However, in the previous 
work done with small parts in another plant of the 
company, it was conclusively demonstrated that this 
process readily removed annealing scale 

Also, in the case of the present experiment, oxide 
resulting from prior flame cutting operations was 
readily removed. This is evident in Fig. 5, where the 
portion of the heavy flange which was immersed in the 


caustic is entirely clean of flame-cutting oxide and the 






remainder of the flange has a heavy coating. If this 






process were applied Lo produc tion opt rations it would 





be desirable to perform the cleaning after annealing 






and heat treating operations. This procedure was im 






possibl in the case of the subject expt riment becaus« 






of produc tion requirements. 







Experimental Installation 





Cost of the experimental installation for conducting 





this cleaning process was considerable when related to 





its value in the cleaning of one casting. However, anal- 






yses of this installation cost and the operating cost 
for the experiment indicate that they are not so high 
as to preclude the possibility that a production installa- 








tion could be economically justified. 






Analyses of foundry cleaning costs on the subject 






casting indicates that, as a result of the electrolytic 






cleaning process, cleaning direct labor costs were re 





duced by one third. These costs would have been fur 





ther reduced if the casting had been previously heat 





treated so that the electrolytic caustic cleaning method 






would have reduced or eliminated a shotblast operation 






From an engineering standpoint, there seems to be 





considerable merit in the further investigation of this 






Fig. 6—Steam turbine shell casting. Steam chest portion 
was cleaned by electrolytic molten caustic method. 






Close-up view shows condition of cored openings in 






port chamber after cleaning. Some fused sand, which 





is quite fragile, remains after too short cleaning cycle. 





* 


~ et Axe 


Fig. 8—Fused sand from steam chest portion of cast 
steel turbine shell cleaned by electrolytic molten caustt¢ 
cleaning method. A—Piece of fused sand and metal 
penetration removed from portion of casting not 
cleaned by this method. B—Piece of fused sand and 
metal penetration removed from one of center pockets 
of port chamber. Note change in color. See report for 
chemical analysis. C—Pieces of metal penetration afte) 
comple te removal of fused sand in molten caustic bath 


process since the requirements for steam turbine cast 
ings are becoming more severe. Operating tempera 
tures and pressures are steadily increasing. The pro 
duction of better castings to meet these increasingly 
more rigid requirements must involve the development 
of better foundry methods and controls. 

Conventional hand methods for the removal of 
fused sand from cored passages in complicated steam 
turbine castings are slow and in some cases uncertain. 
Despite close supervision, qualified operators, and the 
best of equipment, it is conceivable that 100 per cent 
removal of sand particles from steam passages may not 
always result. Chemical dissolution of sand deposits 
is a certain method of assuring absolute freedom from 
embedded and fused sand. 

Hand methods of removing sand from castings are 
not subject to good control. Controversy sometimes 
results from the effort to equitably compensate oper 
ators for this type of work. A chemical method of pet 
forming this operation would seem to lend itself to 
better control and elimination of controversial factors. 


Safety Problems 


Conduction of this experiment involved protection 
against a number of hazards. Operators were protected 
by asbestos clothing and rubber clothing as required. 
Respirators and splash-proof goggles were provided 
Guard rails were installed and provision was made to 
operate heating burners from outside the tank. 

Every possible precaution was observed in the han 
dling of the flake caustic and molten caustic to prevent 
the possibility of this material coming in contact with 
the operator's skin. All operators were carefully in 
structed regarding the hazards of handling the caustic. 
\s a result of the precautions taken no accidents wert 
encountered in connection with this experiment. Upon 
completion of the experiment, it was generally agreed 
by all concerned that molten caustic in a large quan 
titv, such as was involved, could be successfully and 
safely handled without encountering any undue hazard. 





kL ECTROCHEMICAL CLEANING OF A LARGE S1 


Experience gained from this experiment 
that foundries producing complicated steel castit 
high temperature and high pressure service 
profitably investigate the possibilities of utilizing , 
trochemical methods for cleaning certain types of cas 
ings. Indications are that demands for highe1 qua 
steel castings may involve the development of method fr 
which will insure the production of castings entir 
free from embedded fused sand. This method offer 
possibilities from the standpoint of obtaining bet: 
control of labor input for cleaning operations 


DISCUSSION 

Chairman: FRANK Kuper, Ohio Steel Foundry Sp 
Ohio Mp 

Co-Chairman \ ZANG, Unitcast Corporatior _ 
Ohio 

C. E. Sims:* I do not believe vou said which was 
and which the cathode in that cleaning operation 

Mr. WETTERGREEN: The power was applied in one dire 
for a brief period of time. It was reversed and remained i 
other direction for the greater part of the experimental « CH 
ing cycle, the idea being that in one direction the opera 
was oxidizing and in the other direction, reducing Mr 

Mr. Stms: Can you tell us which was more effective 
way it was on the longer time? 

Mr. WETTERGREEN: It first started out oxidizing ar 
greater part of the time it was reducing 

\. W. Grecc: 2 The author stated that he reduced 
costs 33 per cent. Did that include power and amort 
equipment? 

Mr. WETTERGREEN: The total foundry cleaning oper 
this casting were reduced by one-third 

Mr. Grecc: That meant labor only? 

Mr. WETTERGREEN: That is only labor 

G. C. Dickey: Suppose we are about to clean 
ing and are trving to determine the amount of 
amperes to use in doing the job. Should we try to 
metal section or area? 

Mr. WetTTerRGREEN:- The earlier work that precede 
perimental job, which was carried out on smalle 
castings and forgings, indicated that approximately 
per sq ft was required to do a good cleaning job 

CHAIRMAN Kiprr: What was the weight of that 
used in this experiment? 

Mir. WeTTERGREEN: The weight of this steel cast 
proximately 15 tons 

R. F. Kerr: * IT was curious about one point. Tl 
cleaned while it was in the green. Is that correct 

Mr. Werrercreen: That is right 

Mr. Kerr: There was a statement made that th 
metal remaining after caustic cleaning was highly 
ine heat treatment and was therefore easily remov 


also a statement made that the cleaning could 


1 Rattel! 
Whiting 
Harrison 

* Pettibor Mulliken 
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it treat! scale and that if this operation wert 


he heat treatment, it would remove that scal 
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RGREEN That lacy network ot metal 


ed on the casting alter the cleaning cycle was so 


efore the heat treatment After heat treatmet 
it in either case, ductile or brittle t Was al 
emove t with a shot blast 

ko | understand that vou could anneal a casti 

ed sand and thereby loosen up the penetrated 

ild come off easily? If you have penetrated sand 


anneal it loosen the 


you long enough to 


and 
ot have any casting left 


ERGREEN There is a slight benefit in the removal ot 
by the annealing operation, but it is rather 
KIPER We had 
castings having burned-in sand and know 
Heat 
e subsequent cleaning of the burned-in sand 

Hau Prolonged heat treatment of the casting 


effect on the subsequent cleaning of the 


HINO! 


our 


some 


have experience i 


that 
little 


casting has 


roblem treating of the 


burned 


ERGREEN Does anvbodyv know how to eliminate 


n castingsr 
Briccs:* To prevent penetration my suggestion is to 
nd. The Germans have been making the kind 
have the amount ol 


Same 


s for some time and they do not 


naterial on internal surfaces that we do. They use 


what extent has chamotte been used 


\N KIPER lo 
trv? 

cos: On large castings it has not been used at all 

material comparable to chamotte that has been 

It changed it 


this country in the last few years 


e several times but at I believe it is manu 
the Harbison-Walker Co. J think 


broken 


present 


they named it 


It is a calcined clav. It is down to various 


method is to mix a couple of dil 


usual 
The ground material is bonded with a 


vlieve the 


is together 


s of the original material prior to calcining. It 1s 
clay, and that gives a rather stable material, but 
s quite open. A fairly thick coat of wash which con 

e most part of the clay and some of the fine cal 


il, and in some cases graphite, mixed together 1s 
{ to the mold which is dried by torches 
terial has been used not only as molding sand but 


res. A large number of cores are made from it in 
nd, in the larger steel plants in Germany, it 1s almost 
sed on castings and cores. I saw some rather large 


much like the one which is shown in the 


eX castings 


ill the various stages of manufacture and cleaning, 


juite surprised at the small amount of burned-in 
The 
due to this use of the chamotte type of 
that used in the 


with the 


their passageways Germans claimed that it 


material 


MAN ZANG: Is material Fischer 


onnected Fischer process? 


method of molding t 


tact 


s: Yes, that is a standard 


| always has been, apparently. In practically 


ill molding is done in chamotte on the cont! 


1AN ZANG: In drving, is that material highly burne 


Thev have used various temper itures In some 


















thie ik« he motk 

\IEMRES [hen ho ‘ ou d the 

Vir. Briccs In this country the practice oO ‘ ‘ 
at 400 t ww) | [he toundry then applies a is nd tor 
aries the nold Ilha s essen y thre i hict ‘ ‘ 
| imag ‘ there ire i ot Ot Variations to the proces 

Mr. Hatt I would like to ask Maj Briggs if he ts pecrtect 
sure that we can make a |] n. diameter core out of chamott 
pour it in an S-in. section of cast steel, and have no penetration 
of the steel into the core 

Mr. Briccs: 1 simply stated that on comparable types i 
castings, I think the Germans have less cleaning jobs than we 


do. I did not say there was no cleaning job 


Mr. WETTERGREEN: I would like to cleat up a point that may 


be in vour minds because of this discussion. In the manufac 
ture of castings such as portrayed in this paper, we sometimes 
have good luck and produce one of these castings without any 


of this burned-in material. In other words, the cores blow out 


with an air hose and we have nice clean steam passages in the 
foundry and perhaps spend $80 to $100 cleaning that casting 


rhen, because of the engineering requirements for this job 
several hundred hours are spent cleaning those steam passages 
after rough machining. That is where the saving would come 


like 


which is called for 


from a process this, in the subsequent cleaning alter the 


foundry because of the severe engineering 


interested here in 
the removal of this material to save foundry labor. We are in 


embedded sand grains in the 


requirements So that we are not primarily 


terested in the removal of minute 


surface of the steam passages, the removal of which is a very 


costly process because of the complicated coring. This, of course 


times more important to us 


The other is many 
That is another 
Anv small 

] 


passages could get into the mechanism and 


1s important 


angle on the question 


Co-CHAIRMAN ZANG 


of cleaning these castings adhering sand in those 


ruin it, so that your 


process undoubtedly, in your mind, assures the removal ot 


those small particles and so protect your custome 


Mr. WETTERGREEN {uthor’s Closure All the evidence as 


quired by the author indicates that the American steel foundry 


mar has not been able to consistently produce heavy sectioned 


complicated steel castings without encountering fused sand and 


penetrated metal in amounts which are costly to remove, and 


harmful in where severe enginecring 


involved. Reports of successful materials and 


potentially applications 


requireme nts are 


confirmed by experience 


methods in European practice are not 


materials and methods when used here in a num 


with the same 


ber of shops over a period ot years 

Even under the best of controlled conditions results leave con 
siderable room for improvement from the standpoint of optimum 
conditions complicated cored passages surrounded by 


heavy sections, such as are 


surtace 


normally encountered in turbine cast 


ings. Costly hand grinding operations ar¢ required to produce 


a type of surface, tree and other sur 


from embedded sand grains 


face conditions such as lumps, fusion fused sand, and penetrated 


metal 


An electrochemical such as was the subject of thus 


proc SS 


experiment, seems to offer possibilities of development in con 


junction with good foundry practice Ihe combination of the 
two should result in a casting of lower cost, improved quality 


and greater value, from an enginecring standpoint for the severe 


supplied 


ScTV ICE applications whicl must be in the ftuture 





A THEORETICAL APPROACH TO THE PROBLEM 
OF DIMENSIONING RISERS 


By 


J. B. Caine * 


{BSTRACI] any casting no matter how complex is compose 
a number of units as far as risering is concern 


The dime nsioning of risers has been an art of founding that = Or - ; re 
in the past, has resisted scientific approach. A mathematical unit solidifying as an individual casting. T] 
approach that has been checked experimentally for steel is are simple shapes, combinations ol plates, cvinll 
advanced. Such an approach, based on heat evolved, heat dis squares and rectangles and an approach to 
sipated and volume contraction on lidification has possibilities . . 
i . en erie, eines as pos , even the most complex casting can be made by st 
I } ay ; 
for scientific riser dimensioning of any metal and should result 


; —_ ; ° ye ‘ ° ar: ae ; % 
in an appreciavle increase in casting yields mg the solidi fic ation ch ArACLETISLICS ol such SI 


shapes. If the solidification characteristics of 
simple shapes are known, the only problem i 
ONE OF THE last remaining phases of the art approach to risering the most complex casting is | 

of founding is that of risering, a phase of foundry of determining just how to divide the casting 
operation that has, in the past, resisted scientific study. simple shapes, each requiring a riser of definit 
Even though many papers have been published on portions to feed it. 
risering they have all been a description of the art, If the casting is composed of thick and thin sections 
describing in one way or another risering procedures the problem of breaking down the casting into t! 
for given castings, procedures that unfortunately will proper parts, each to be fed by one riser, is not 
not apply to even similar castings differing only difficult. Ihe thin sections will solidify rapid 


slightly in one or two dimensions. enough so that each heavy section will require 
Another significant proof that risering as described individual riser and each of the heavy sections wit 
in the literature and as used in present practice is still the thinner sections attached to it will constitut 
an art is that with one exception’ all past thought individual casting. If a casting section requiring ny 
has not considered risering in quantitative terms. The than one riser is uniform, or approximately unifo: 
aim at all times has been to produce sound castings, the question of how to break down the casting int 


the exact riser size required to produce solidity being a number of individual castings, each requiring o1 
relegated to a subordinate position if considered at all. riser is more difficult. It is necessary that the distanc 
In this day of increased competition and increased each riser will feed be known before the number o! 
costs this matter of riser size and maximum yield risers required, and consequently the amount of met: 
becomes increasingly important. Consequently any to be fed by each riser, can be established. 
knowledge as to the minimum riser size required to 
obtain solidity in the casting or section to be fed will 
pay large dividends. It is surprising what difference 
in yield a variation of only one-half inch in the diam- Nevertheless, there are enough castings that | 
eter, or one inch in the height of a riser will make, either be fed with one riser, or can with our pres 
a difference easily amounting to 10 per cent in yield. knowledge be safely broken down into simpler pa 
If some method of scientifically proportioning the for risering that a theoretical approach to dimensio 
riser can be established—a method accurate enough ing risers for such simple shapes and castings that \ 
to enable the foundryman to proportion his risers to be fed with one riser will pay immediate divide 
the minimum required for solidity—the increased in increased yield. 
yield possible can result in a saving in the order of In the past every foundryman has had his own ru 
10 per cent of the cost of the casting. as to how to proportion the riser. The trial and e 
One mental hazard that has impeded scientific method of risering has been based on section thick 
approach to quantitative risering is the infinite variety ness, depth of section and rarely on volumes or welg 
of castings produced. This hazard is illusionary, fon of the casting or section to be fed. It was general 
agreed, at least in this country, for steel, that the ms 


Increased Yield Results 


* Metallurgist, Sawbrook Steel Castings Co., Lockland, Ohio. section should be larger than the casting section 








agreement as to how much larger it 
\nother tairly general rule was that the 
should exceed the depth ot the casting 
be fed, but this rule was broken many 
\ deep sections \nothe general rule 
height of the riser be one and one-halt 
ion None of these rules with the pos 
on of the first had any experimental 
ior were they observed at all times, even 
est exponents. Other than general rules 


riser dimensioning was an art based 


rience, plus a lot of plain guessing 


shrinkage Characteristic of Metals 


the shrinkage characteristics of metals 
ification are very precise and fortunately 
uppreciably with composition within the 
nposition encountered for that particulan 
s should make the scientific approach rela 
e and amenable to precise mathematical 


hat need be taken into consideration is the 


evolution by the metal until it is com 


HS y solidified, and the rate of heat transfer across 

st sam tal interface, as the two controlling factors 

as { itive rate to complet solidification of the 
ii risel 


standpoint of scientific risering for maxi 
IS | ser eficiency the problem can be simplified 
I t is necessary is a method of determining the 
st riser that will deliver the necessary volum« 
to the casting as it is undergoing solidifica 
ect yntraction and one that will remain liquid until 
to casting or section to be ted has completely solidi 
lot { It is axiomatic that no feeding can occur afte 
ncation 18 complete. 
ar \nother simplification can be made. The problem 
ov i solidification shrinkage must be divided into two 
ute arts, for each part, although dependent on the same 
Some jhysical laws, must be studied and controlled as a 
nto parate entity. One part, that under discussion in 


his paper, concerns itself with shrinkage at, or imme 

Ig Ol fiately adjacent to the riser. These shrinkage defects 

Stal Bie due to an improperly proportioned riser that is 

ber ot MBither deficient in volume o1 solidifying at a rate faster 
met han the casting or section it is to feed. 

Shrinkage defects, whether definite voids or metal 
w density in areas relatively remote from the rise1 
in entirely different phase of this problem. There 

$a limit to the distance a riser will feed, this distance 

Hepending on the section shape as well as section size 

or any given metal. Increasing the size of the riser 
‘very little if any effect on this type of shrinkage, 

from the riser. Control of this type of shrinkage 

ist be based on directional solidification, chilling, 
br the use of more risers, not in the size or shape of 
tively remote from the areas showing shrink- 

él oo - 

: ser efhciency, shrinkage defects in areas remote from 
he riser can be neglected and if the junction of the 


in the study of riser proportions and 


ser anc casting is sound, the casting can be con 


ind as far as that riser is concerned. This 
Diiase the problem then resolves itself into one 


concerned with dimensioning the riser to. insur 
solidity within the teeding area of the riser and to 
accomplish this with the minimum riser volume 
Only two factors are required tot the study ol t 
phase of the problem of solidification shrinkage: vol 
ume, and a tactor denoting the relative rate ot solidifi 


cation ot the casting and riser. Som 


known. If the solidification rate of the riser is inh 
nitely small in relation to that of the casting, the rise 
volume required would be equivalent to the con 
traction in volume during solidification In othe 


words, if an electric arc be used to keep the riser liquid 
indefinitely, a riser whose volume is equal to the 
amount olf contraction during solidification will drain 
out and fill all the voids opening up within the teed 
ing range ot the riser, as the casting or section treezes 
In steel this riser would be equal to one o.0 per cent 
ot the casting volume 

[his value is much smaller than required in pro 
duction and the reason is simply that in production 
the riser is solidifying at the same time the casting 
is solidifying. For efhcient scientific risering the prob 
lem is to determine the smallest riser that will solidity 
at a slower rate than the casting it is to feed, delive: 
ing sufficient feed metal to fill all the voids opening 
up within the feeding range of the riser until the 
casting is completely solidified 

Another limit has been established. It has been 
proven for ste¢ 1? that a riser whose section 1s equal to 
the casting section will not teed efhciently, in tact 
will not feed at all, regardless of its height, unless 
some type of insulation is placed around the riser to 
slow up its freezing rate, or some addition be made 
to the riser to accomplish the same purposé This 
limit should also apply to any metal whose solidifica 
tion shrinkage is of such a nature as to form definite 
voids on freezing. As two equal sections must solidify 
at the same rate, it is concluded if the riser freezes 
at the same rate as the casting, the riser volume re 


quired is infinity. 


Freezing Rate of Riser 


Both limits are now established. If the riser treezes 
infinitely slowly in relation to the casting, the rise 
volume required is equal to the volume contraction 
on solidification. If the riser freezes at the same rat 
as the casting, the riser volume required is infinity 
The question now is to establish the shape of the 
curve designating this relation between these two 
extremes. The freezing times of the casting and rise1 
between these two extremes must be in relation to 
the amount of heat evolved by the metal as it cools 
from the pouring temperature through the solidifica 
tion range, and the amount of heat dissipated into 
the sand in contact with the casting and riser. 

Unfortunately the constants required to establish 
these values, specific heat, latent heat of fusion, and 
especially the quantitative rate of heat flow across the 
sand-metal interface, are not known and a direct solu 
tion of this problem is not possible at present. For 
tunately, from the standpoint of riser dimensioning 
and riser efficiency, direct numerical values are not 
necessary. If the riser and casting are in contact with 
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SOLIDIFICATION TIME, MIN. 


0.1 0.2 0.5 1.0 2.0 5.0 10 20 50100 


VOLUME, CU. Im. 
SURFACE AREA,SQ. IN. 





"SIZE COEFFICIENT’ R = 
Fig. 1—Logarithmic curve giving solidification time of 
castings of various sizes (after Chworinoff). 


the same sand, the relative treezing rate of both cast 


ing and riser to complete solidification is all that is 
mecessary. 
Chworinoft® has shown that the time fon complete 


solidification of steel in contact with sand molds is 
proportional to a relation betwen the volume and 
surtace area of the casting. If the solidification time 
of castings weighing from a few pounds to 65 tons is 
plotted logarithmically against a value he calls “Size 
Coefhicient” a straight line can be drawn through the 
points representing these castings. This curve gives 
the solidification time of any casting regardless of size 
and shape provided that the metal is in contact with 
sand of sufficient thickness that the sand will not be 
saturated with heat until solidification is complete. 


Chworinoft’s “Size Coefhcient” is simply a relation 








DIMENSK 


between volume, the factor determining 
ot heat dissipation into the sand in cont 
casting, as follows: 

Volume m1 
Surface Are 
Chworinofl’s results after converting to |] 
Metals other than st 


“Size Coethcient” R 


are shown in Fig. 1. 
in a line with a different position than 
shown in Fig. 1, but there is no reason 


the same relation between solidification 
relation between surface area and volum: 
true for any metal. 

As a riser is a casting differing only in 
the casting to be fed and is in contact wit 
sand, the relative solidification rate of the ¢ 
riser is dependent on the relation between the sur 
From 
standpoint of scientific riser dimensioning, th 
should be proportioned for maximum riser eff 
so that the minimum size riser freezes at a slower ) 
\t the same 


time it should contain sufficient volume of meta] ; 


area and volume of the casting and rise: 


than the casting or section it is to feed. 


satisfy the feed requirements of the casting. 

It is therefore possible to neglect entirely th: 
known constants, specific heat, latent heat of fusioy 
and thermal diffusivity and solve the problems of 
scientific riser dimensioning with relations. Only tw 
relations are required, one for relative volume, on¢ 
for relative freezing time to complete solidification 
as follows: 


Volume of Riser as poured 





Volume ee 
Volume of Casting 


Surface Area of Casting 





Relative Freezing 
Time to Complete 
Solidification 


Volume of Casting 2 





Surface Area of Riser 
Volume of Rise 

Again, as discussed previously, Eq. (1) for volume 
approaches infinity as Eq. (2) for relative freezin 
time approaches unity. Equation (1) approaches the 
amount of contraction on solidification when Eq. (2 
approaches infinity. Such a relation indicates a hype! 
bolic function most simply expressed by the equatior 





x ——— ie Ww ote & wm is 


ne 


whose asymptotes for steel are unity relative freezing 


time and 0.03 relative volume. Therefore Eq. (>) 
can be written for steel as: 
0.1 
x —_—___—_____. | ](.... 
\ 0.03 
where y volume expressed as a fraction such 4 


those resulting from the solution of Eq. (1), » 


tive freezing time in units resulting from Eq. (2). © 
stant a has been assigned the value 0@.! for steel » 
that the results of Eq. (4) will be in the same order ol 
magnitude as those resulting from Eq. (1) and : 
ym soudal 


Constant 0 is the relative contraction of ste 


is the measure of any change |! 


fication. Constant ¢ 
the relative freezing rate of the casting an 
both casting and riser are in contact with sand am 
are dissipating heat into the sand at the same rat 


1.0. Mathematically the inclusion 0! 


risel I 


1 


constant c is 
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ierely shifts one asymptote from x 0) 






mn ol Eq. t) tor steel results in a curve 





v the solid line in Fig. 2. As an increas« 
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FREEZING RATIO = 


















Fig. 2—See text. 







e results in an increase in both the x (rela 


SCT Sz 


freezing time) and y (volume) values, those risers 






esponding to points above and to the right of the 
should have sufficient volume and freeze at a 
slow enough to result in solidity of the casting o1 







ion they are feeding. Those risers corresponding 
wints below and to the lett of the line should feed 


woperly due to-either insufhcient volume or too 







id solidification. 
Fig. 2 the volume (y ordinate) is plotted verti- 





is the fraction resulting from Eq. (1). Relative 
ing Rate to Complete Solidification (x ordinate), 
emafter designated as Freezing Ratio, is plotted 


wontally as a proportion resulting from Eq. (2). 








riser is of the same shape and the same size as the 
the volume is 1.0, the freezing ratio 1.0 and 
eare a number of risers of different shape for each 
that will result in the same proportions. As 
size of the riser is increased, both the volume and 
ing ratio values increase, but the change does not 
either the x or y ordinates, but at an angle to 
the angle changing from almost parallel to the 









linate with low freezing ratios to an angle almost 
el to the x ordinate at high freezing ratios. 








x , . . 
) the right of the chart are given the approximate 
is when the weight of the gate equals that weight 

ictal equivalent to the volume of the shrinkage 





ty in the solidified riser. In production the actual 





vary according to the weight of the gate, 







: ¢ lower if a long weighty gate is used, higher if 
\ceptionally small or no gate be used. 

" production risering for maximum riser efficiency 

, problem is to dimension the riser for any given 





ng or section so that the point representing the 





il freezing ratio for that particular casting 
falls just above and to the right of the 









j 


boundary line between shrinkage and solidity for the 


metal to be cast. That point represents the most eth 
client riser and maximum riser efhiciency Lhe values 
for volume and treezine ratio given in Fie. 2 cover 
the range fon production castings. It is interesting to 
note the vields possible even tor a meta ol high 
solidification shrinkage such as steel, as shown at the 
right of Fig. 2 

iote that the dotted line in 


It is also interesting to 
Fig. 2, the boundary line between shrinkage adjacent 
to the riser and solidity determined empiri illy by 
a number ol steel toundries,t when no addition 1s 
made to the riser, checks the theoretical curve within 
limits of experimental erro Ihe castings used to 
determine the empirical curve were relatively simple 
shapes and ho additions were mad to the risers to 
retard the rate of solidification in relation to that olf 
the castings. ‘The implications of the curves shown 
in Fig. 2 are far reaching. No longer need it be said 
that riser dimensioning is an art and must renrain 
an art, for here is proof that riser dimensioning of at 
least steel castings follows relatively simple mathemati 
cal laws. 

As would be ex pected in practice the problem Is not 
as simple as the equation indicates, not because of 
any ambiguity in the equation, but due to ambiguity 
in the values used for x in the equation. The y (vol 
ume) values are simple and straightforward, simply 
the relative volumes of the casting and riser. All difh 
culties arise in the determination of the x (Freezing 
Ratio) values. The surface area component in these 
values, the component measuring the relative rate of 
heat extraction can be influenced by many independ 
ent variables. 

The curve used to check the theoretical curve in 
Fig. 2 is actually the simplest curve possible, the one 
denoting the boundary between shrinkage and solidity 
for relatively simple shapes fed by one blind riser 
where the total surface area of the casting and rise1 
is in contact with a sand wall of infinite depth, capa 
ble of absorbing all the heat generated by the casting 
and riser until they solidify completely 


Restricted Heat Flow 


Many production castings are so designed that much 
of their surface area is not in contact with a sand wall 
of infinite depth and these areas do not absorb heat 
at the same rate as the outer surfaces. Cores sur 
rounded on more than one side by metal, re-entrant 
angles, changes in section all restrict the flow of heat 
and the surface of the casting at these locations cannot 
be included in the surface area of the casting at thei 
full value. The correction necessary for these areas 
of restricted heat flow will have to be determined 
experimentally and will probably vary with each type 
of metal cast. This work should not be too difficult, 
much has been done for steel, and will be repaid 
many times, not only in increased yield, but also in 
sounder castings. 

If all the riser surface is not in contact with sand 
and dissipating heat into the sand at the same rate 
as the casting, this variable must be taken into con 


sideration. This variable can be compensated for in 
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the basic equation by varying the value assigned to 
constant c. This manipulation only shifts the curve 
in relation to the y (volume) ordinate. If, for example, 
a pipe eliminator is used that restricts the freezing 
rate of the riser, the relatively slower freezing rate of 
the riser as compared with the same riser in contact 
with sand would shift the position of the curve to the 
left and decrease the value of constant c. Conversels 
if the riser be exposed to air, dissipates heat at a 
higher rate than into sand the riser would freez 
faster than normal and the value for « 

Ihe dotted line in Fig. 3 represents the curve ex 


perimentally established for steel by another group ol 
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Fig. 3—See text. 


steel foundries‘ for risers whose freezing rate is de 
creased by the use of commercial pipe eliminators. 
The solid line in Fig. 3 repr vents the curve resulting 
from the equation: 


0.1 


x 0.8 Hamawe eee 


\ 0.03 
Again the two curves check within the limits of experi 
mental error. The effect of a material decreasing the 
relative freezing rate of a riser in relation to the cast 
ing can be determined by comparing Fig. 2 and 3. 
It is interesting to note that these materials are quite 
useful in increasing riser effic’ ‘ney for steel with cast 
ings of low surface area, resulting in Freezing Ratios 
below about 1.40. If the Freezing Ratio of the casting 
riser combination is below 1.10, the use of an efficient 
pipe eliminator on the riser is imperative 

If it is agreed that the basic risering relation as 
illustrated in Eq. (4) and (5), Fig. 2 and 3 for steel 
is valid, it is interesting to speculate a. least on the 
relations for other metals. As this relation is relative, 
the differences in specific heat, latent heat of fusion 
and in thermal diftusivity all cancel out and as far as 
this relation is concerned the only difference that need 
be taken into consideration for different metals is the 
difference in the volume contraction on solidification, 
and possibly the solidification characteristics between 


the liquidus and solidus temperatures. 





DIMENSIO 


As ail common cast metals, with the po 
tion of the manganese and aluminum bh 
less solidification shrinkage than steel.* 
in the fundamental equation would be | 
value 0.03 for steel. If this is the only ch 
the shape and position of the curve does 
materially, the only difference being that 
approaches the x (Freezing Ratio) or s0 Cas 
smaller value than that for steel. If thes ; the Sia} 
used to proportion risers fon other metals 
large risers result, in most cases, risers t] 
as those required for steel. loo many 


castings have been made sound in metals 





steel with much smaller risers. Therefore conc, 99 
in the numerator of the basi equation n ( Nt 
and this constant may be the measure of th fe 
solidification characteristics of the differ: - 
\s the author has not been able to obrt il ie 
information as to the volume contraction on solidi pange ol 
tion as defined in this paper of any metal oth 
steel (constant b), much less the proper values preezin 
constant a, two arbitrary solidification shrinkages . 
been selected, 1.0 and 0.5 per cent. In two insta: preezinis, ‘ 
constant @ is decreased in the same proportion as \ plant 
stant b, as examples of equations for metals wit! - 
lower solidification shrinkage than steel and = 
solidification characteristics that allow smaller ris vs ” 
than needed for steel. In the third example constai rls 
is decreased, constant a increased as compared \ 0 
the constants for steel, as a hypothetical exampl 
a metal with a relatively low solidification shrink ‘r 
but with perhaps a much wider solidification rangefg ,. 
[he basic equations are as follows. P 
0.033 a | 
x = ————. + 10........ ; i 
y — 0.01 By 1.2 
0.0167 ; 
x ea | ae 7 is 
vy — 0.005 B o.8 
0.2 
x ————— + l1.0........ 8 = 0.6F 
y — 0.01 3 
: 0.4/— 
Ihe curves resulting from these equations are plott SHR 
in Fig. 4 in comparison with the curve for steel taker c.2 
from Fig. 2, a curve that has been checked expe! / 
mentally. oi 
The values assigned to constant b, the volume cot 
traction on solidification as defined in this paper 
any metal are simple and straightforward and cai 
determined easily by experiment. The values for co! 
stant a are unknown at present for any metal othel me 
* Solidification shrinkage in this paper is that amou! sitions 
contraction in volume resulting in definite voids of a size 14136 irve esta 
enough to allow the flow of liquid metal into then The oth ordi 
per cent contraction for steel used in this paper 1s almost change 


this type of shrinkage. Many of the non-ferrous metals, aithous 


showing a greater overall volume contraction during soli 8 solidi 


tion, do not open up definite voids. In foundry parianc ites, Esp 
“freeze flat.” This type of shrinkage is encountered in ste » change 
areas remote from the riser and is known as “centerline sir he curve 
age.” Therefore the values used for solidification s rinkag bo iia 
the following equations may or may not be the a . 

contraction on solidification, but only that shrinkage | tes of tl 
of taking liquid metal from the riser. These valucs can ‘ @mmlant c, s 
be determined for any metal in any foundry ! uring n the 1 


simple shape of known volume and measuring 
the shrinkage cavity that is formed. 


idificat 
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[hey can be established experimentally 


simple castings and determining the 
ne between shrinkage and _ solidity, espe 
region of the knee of the 
the knee of the 


ly assured that the position of the rest ol 


curve. If the 
curve is established, one 
correct. This procedure involving a dozen 
s is much more efhicient than determining 
s well as the position empirically, as the 
dure involves casting hundreds of castings. 
found experimentally that constant a for 
s will be larger than that for steel, perhaps 


to onger freezing range, even though these 
5 sl a smaller volume contraction on solidifica 
\ rtheless it is interesting to speculate at least 


s. If constants a and / are both relatively 
own by the curves for Eq. (6) and (7) in 
riser size for solidity within the feeding 
he riser is much smaller than that required 
bout a third of that required for steel at a 
1.20. On the othe 


solidification 


hand, a metal 
but 


neg Ratio ol 


shrinkage, with such 


y Chara teristics as to necessitate increasing con 


| require larger risers than required for 
inless the surface area of the casting is quite 
insuring a high x (Freezing Ratio) value. A 


il example is shown by the curve for Eq. (8 
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FREEZING RATIO = 








\nother interesting 


speculation is on the relative 


tions of the lines in Fig. 4. As will be noted, the 


uve established for steel is quite far removed from 


th ordinates and therefore is relatively insensitive 
constant c. The curves for metals of 
‘ solidification shrinkage falling closer to the ordi- 
tes, especially the y ordinate will be more sensitive 

hanges in c. As constant c shifts the position of 
in relation to the y (volume) ordinate and 

measure of any difference in the relative freezing 
tes of the casting and riser, slight variations in con 


changes in 


cury 


‘ant c, such as caused by temperature differentials 


the mold will be pronounced with metals of low 
ion shrinkage and relatively inappreciable 


1 he it 
tore slight variations in temperature differentials such 


with metals of high solidification shrinkage 


as caused by changes in gating will make an appre 


! 
ciable difference in the feeding efficiency of a riser 


with a metal of low soliditication shrinkag« 1 he 
same change in gating practice in steel would result 
in an inappreciable difference in feeding efhiciency. 


[his may be a clue to the solution of a number of 


feeding problems in the nonferrous metals 


Summary 


It has been established both theoretically and ex 
perimentally that scientific riser dimensioning dé pends 
primarily on two relative relations, volume and rela 
tive freezing rate, 


Ratio) 


to complete solidification (Freezing 
as follows: 
Poured 


Volume of Riser as 


Volume 


Volume 
ot Casting 


Surface Area of Casting 


Relative Freezing 


Volume otf Casting 


Rate to Compl te 


Solidification Riser 


Surtace Area of 


(Freezing Ratio) 


Volume of Rise 


These relations can be expressed mathematically as 


a simple hyperbolic equation: 


ad 
X ' ( 
\ b 


where x is the Freezing Ratio, y volume, constants a 


and > are in relation to the volume contraction on 


solidification of the metal, constant c is a measure of 


the difference in relative freezing rate of the riser in 


relation to the casting due to independent variables. 
For steel the equation in its simplest form becomes: 
0.1 
" see L 1.0 
y 0.035 
For maximum riser efficiency and yield the riser should 
be so proportioned that the point representing the 
volume and freezing ratio values falls just above and 


right of the curve between those areas repre 


to the 


senting shrinkage and solidity derived from _ the 


equations. 
extension ol 


Speculations are advanced as to the 


these relations to metals other than steel. 
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DISCUSSION 

Cha W. W. Moors turnside Steel Foundry Co., Cl 
cavo 

Co-Chairma H. 3 Payior, Massachusetts Institute ¢ 
lechnolo Cambridge, Mass 

Dr. H. A. SCHWARTZ (written discussion J. B. Caine’s con 
clusions are expressed in a grapl big. 4 ndicating the relation 


between the ratio of volume of feeder and casting and the ratio 


of freezing rate of casting and riser which just suthce to produce 


complete feeding. 


The form in which Mr. Caine gives his data has both advan 


tage and disadvantage Ihe advantage is that, from the dimen 
sions of a given casting and feeder, regardless of any limitatior 

/ } 
of shape, the adequacy of the feeder can be determined I he 


disadvantage is that, given only the description of the casting 
the calculation of a teeder is a matter of tmal and error and 
there is no guide to the selection of the most efhicient feeder 


form 

It is the purpose of this discussion to supply means for cal 
culating the most efficient feeder if only ¢ 
assumes the validity of M1 


as the conclu 


he description of the 


casting 1s given The calculation 
Caine’s conclusions and is appucable only so fat 
sions are applicable The work would not have been possible 


his demonstration of principles 


without | 
Ihe most efficient feeder, of given volume, is that whic! 
freezes most slowly, L« that of minimum surface area bl 
mentary geometry teache that this is a sphere and that the 
\ I 
ratio ot volume to area Is where 1s he radius ot 
\ 
the sphere I he sphere could be used where a small negligible 


for side feeding, but has 


feeder mouth is possible, especially 


certain practical difhiculties 


\ cylinder has more practical advantages, especially tor toy 


feeding, and, again assuming a negligible feeder mouth, it can 
be calculated that the cvlinder having a minimum surface has a 
\ I 
height of 2 and a ratio of volume to area — as before 
\ } 
\ 
Note incidentally that the constant ratio of is not a 
\ \ 
contradiction of the statement that is greatest for a sphere 
\ 


for the value of r for a given volume is greater for the sphere 


than the cylinder 
If the cylinder is to be attached to the casting by an entire 
\ 


end, the most efficient form has a height of r and the same 
, \ 
ratio 


Should we wish to have a feeder consisting of a cylinder 
and hemisphere, as for example the common side feeder with 
a hemispherical bottom, then for a negligiby small feeder mouth 
the best form has the cvlindrical portion of height r and the 

\ r 


familiar ratio. If, however, such a feeder is to be 


attached to the casting by its entire bottom, the height of the 


I 
cylindrical portion should be zero and a hemisphere — -- 


iS again indicated 
Presently we will use the volume and areas of these shapes 


so these constants may be tabulated below 





TABLE A 
Zero 
Exposed 
Form Mout! \rea Volume 

Sphere Zero ivr 16 7 rs 
Cylinder Zero 67 r2 27 r3 (Height — 21 
Cylinder 7 r2 3a re 7 r3 (Height I 
Hemisphere @ 12 2% r2 “3 7 1 
Hemisphere 

and Cylinder Zero 57 r2 oo 7 r3 (Height r) 





DIMENs |: 




















These forms are believed to suffice all needs and do represent 


Manager of Researct National Malleable and Steel Castings ¢ 
Cie i | 








— 
A 
Fig. A—See text for discuss 
he slowest freezing feeds if Chvorinot’s principles 
Caine uses them without any apparent reason 
they may be inadequate. It must, however, be 
there are valid reasons for questioning Chvorinof 
Now there are certain other limitations \ 
slowly the teeder cools or how rapidly the ¢ 
volume of the feeder must be equal to the 
metal in the casting. That is if \ casting 
riser volume then 
Ve 0.03 \ 
The minimum value of r for each of the fe 
in Lable A (corresponding to enormously large « g 
would be given by equating the numbers in 
of the table to 0.03 \ It is not implied that 
freezing of the casting could be so far accelerat 
the conditions for such small feeders. The limits 
merely as a guide to the scope of later cak 
limits are { 
PasLe B 
Minimut . 
Form Mouth 
Sphere Zero 0.193 \ . 
Cylinder Zero ).168 \ fe 
Cylinder Tr 0.212 \ , 
Hemisphere 7 r2 0.243 \ 
Cylinder and Hemisphere Zero 0.179 \ ee 
\ ‘= 
Ihe principle of the sphere’s relation of sets a ng é 
\ ) 
limit to the value than A,, the exposed area of the casting aa 
have for a given volume. Were the casting a spher fant | 
\ 4 wr r3 g cond 
3 ttle ré 

3 V. A 

rs anmeell 0.239 \ 

‘7 a. 7 

I 0.62 V1 

\ 17 12 — 

S&S ee oe -e < 
In any future calculation it is then not necessary to cons Or A 
any value of A. less than 4.85 V_2/3, a fact which may lat 
have significance \ 
Further it is plain that for the feeder to operat , 
freeze through in a longer time than the casting, hence ms 

\ Ve ‘ 

\ .. \; 5) * 
where V represents volume, A exposed surface ° 
scripts c and f represent the casting and riser respe¢ . 

We have seen from Table A that for all the et 

Ve I | 

— —, hence 

Ag 3 - 

\ I e 

meas < & 

\ 3 





ae UF 





the teedet Here we have at once i is shown in Fig \ ‘ e ta ys ft 1rous ies of 
\ lid be comyl r 
f for a value of : calculated trom the From Eq f . \ ” . . ‘ 
‘ . or ‘ i\ that Lhe I ™ CAICULALCE } —— wae 
e, only that the acceptable “r” is not less that \ 209.4 9 
For other forn t teed ‘ ethcier { ‘ © ¢ ‘ 
irea to which a circle ot radius can be 1es It f wars © 9 , Fig 4 ea 
1.€ the total area of an indefinitely thil pproacl - ng f \ , : ' eo foo - 
eter equals that of the teeder; hence this value not feed the cas o1 p ore . I —" er 
for a completely attached feeder of radius oes not know whe ra t f " f 
feeders. theretore the least value of A is feeder to feed a creat distance whi on , = . , 
. } natical reas for crith ng et t re 
te values of I we turn to Caines observa I he Ol! s ‘ great Te) e te ( es 
R conclusions re rigidly accurate results base irves sho e ex I ‘ ri 
rv and the calculus of maxima and muinin ! ore 
tion is that freezing tume 1s measured If complet ‘ t teed Ss « eA 
: {f Eq ete e eX “ | ‘ I r 
n also made in Caines interpretation, s S © stat j ‘ . \ . . r ras 
= 02 the ipplicatior of is y surtace \ 7 mu r Ni ! \ 
00 r\ \ \ \ 
eas r tree ne time it treezing me Is i 
\ \ \ \ 
Oo s sa ire It ere shou 
| a i sn \ ( 1¢ ‘ I 
ciple the present discussio1 s . ‘ SI : ‘ 
t vs s ni ipplica es B ‘ .°5 ‘ 
pplicable e writer has no dot I the ety 
' empel ire gradients between feeact ‘ : . ; SOT ' : 
stance roug which a teeder « : ng! S ‘ ‘ ! reed ! rie ! ‘ 
ot teedel nouths a comptes as M ( ‘ 
\\ m the ssope ol IS CNPCTiinie : ‘ H , ; 
vit LHese parics ce | 
r follows ! ; ( ; 
é é Ml ( 
/ \ Ds ‘ F ©) ‘ f 
Oo > 10 ‘ ‘ flee ‘ l ( 
\ | ss ed ( ‘ \I ( ‘ ‘ ( 
( ( ( nie [ Tac 
V are the surface area and volume of casting His curve mu or necessit be ara wes ‘ ‘ 
signated by the subscripts c and f respectively oF points which do not fit CNA 
for using this equation is that Caine found 1 We are then confronted whet 1 in equate ror the 
It is not, however, improbable for it assumes curve witl e question of curve fittn We are look for the 
feeder (presumably of the same temperature as the equation which Ww reproduce a curve hich best separates the 
it freezes in the same time as the casting, be good castings from the bad on Mr. Caine’s chart. Since ther 
the latter Also that a feeder must contain at some vagueness on where the curve ought to be, there will be 
er cent of the volume of the casting to feed the some vagueness in the equation of that curve hich may o1 
te! how slowly the feeder solidifies and lastly and es) not be cleared “up by theoretical consideration of what 
volume changes we are talking about. One of the difficulties j 
obviously, that proportion of the feeder volume i, : | 
that our choice of constants will be largely influenced by he 
for feeding bears some simple inverse relation to 
important it is to get a suitable fit far out at the right end of 
~ : the curve The observations are mostly near where the curve 
ther hand it may be that some of the constants bends sharply and we have not many at the outer right-hand 
5 further correction and it is certain that the constant | side If we want to know more about this with accuracy. the 
irentheses of Eq. (5) will lepend upon the relative only answer is additional experimentation in the region where 
g I ions of feeder and casting we desire more precise knowledge. If this region happens to be 
irranging converts Eq. (5) into one not often attained in practice it may not be worth while to 
\ V2 100 \ i. worry about it merely with a laudable ambition to have the 
on — 7 , 6) curve mean something besides an empirical observation 
V.4 \ \_ \ Let us remember that we are using mathematical formula to 
, represent observed fact It is the fact which concerns us and 
at for all forms of feeder considered is - the formula which describes the fact is usable and desirable 
, no matter whether we have correctly understood why the curve 
- | 100 V; r A 7 a shouid have that particular shape or not 
V2 Vv \ Pen aee si In this, as in all other similar problems, we cannot hope eve 
to get absolute and complete accuracy. It will always be neces 
sen a feeder form, the appropriate value of Vr sary to be content with.something that work i large propor 
can be inserted in the first and second term and tion of the time. Certainly we wish to keep on until the tinvie 
ies of A. and V, (exposed surface and volume of when our predictions are not justified become smaller and 
4 ive an expression of the fourth degree in r, i« smaller, and we would like them to vanish. It is not. however 
g wers including r#. Such an expression has four criticism of a method in the present circumstance that it some 
imaginary, 1.e., four values of r which satisfy it times fails. Mr. Caine has made a major contribution when he 
solution is, however, impracticable. Only positive has devised a method whicl orks in a very large percentage of 
mplying with the restrictions of Eq. (2), (3) and (4 the time, and which, with a suitable safety factor, can be made 
meaning to operate as nearly all of the time as we car repeat obse ition 
2 solution is possible for a given value of r by select in the found 
{ values of V. and solving Eq. (7) for a given value J. B. Caine (Written Ref Dr. Schwa Dr. Schwar 


n A, and plotting the result. A single such curve has filled in a most glaring blank spot in the problem of 
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dimensionit risers Ihe charts as given in the paper cannot 


he used to determine the dimensions of the risers direc 


can be used only to check the correctness of an arbitrarily se 


lected riser. It is usual, when using this method that two o 
three tries are necessary before the casting-riser setup resul 
n a volume-freezing ratio relationsh p giving the most ether 
rise! 

Although Dr. Schwartz's mathematics mav seem highly thee 


retical, his equations result in curves such as shown in Fig. A 


that are very useful in production With a set of these curves 


for the various riser sizes and shapes it 1s possible to determine 


the most efficient riser directly, knowing only the surtace are 
and volume of the casting The writer has used these curves 


production and has found that the dimensions so determined 


are accurate to | in. If the riser need be dimensioned to accura 
cies of less than 1 in., one additional calculation is all that is 


required to bring the point representing the volume-freezing 


ratio as close to the lines in Figs. 2 and 3 as desired 


to 1 in 


However, with our present knowledge, risers accurate 
ire sufficient. Samples must be made if greater accuracy 1s 1 
quired, until we learn a great deal more as to the effective 


| 1] 


surface area of the casting. It should be remembered that allow 


} 


ances in the surface area as determined geometrically must 
made for areas surrounded on more than one side bv meta 
changes in section, anv area that is saturated with heat betore 
the casting section treezes 


Since this paper was written Dr. Schwartz and the writ 


have attempted to increase the accuracy of the constants usec 
in Eq f and 5. Dr. Schwartz has determined theoretically that 
the constant a should be 0.12 for steel This change alone olves 


a better fit with low freezing ratio values, but increases the 
discrepancy between the theoretical and experimental lines for 


high freezing ratio values. However, if consideration is given 


o liquid shrinkage as well as solidification shrinkage and liquid 


shrinkage be included 


in constant b, a better fit at higher freez 
ng ratios can be had than shown in Figs. 2 and $ 
The incl 


logical and may explain some variations in shrinkage due t 


ion of liquid shrinkage into the equations seems 
pouring temperature Constant 6 will then change accordit 
to pouring temperature increasing trom 0.03 to 0.07 for very 
high pouring temperatures With an average pouring tempera 
ture constant b will be about 0.05 and the equation 

0.12 

Vv -0.05 


results in as close agreement with the experimentally dete 
mined curve as is possible until more accurate experimental 
adata are ivailable 

It should again be emphasized that the difference between the 
equation just given and Eq. 4 is so slight that either can be 
used in production risering. Errors in determining the effective 
surface area overshadow the difference between the two equa 
Lids 

CHARLES LOCKt Many of us who have had access to the Steel 
Founders Society research report referred to by the author have 
attempted to make use of the method for determining riser size 
that it advocates. Assuredly, no substitute is advanced for ex 
perience, which heretofore has been the basis for determining 
the correct riser for a particular casting. A guess still must be 
made as to what riser dimensions should be used to derive a loca- 
tion on the coordinate paper for comparison with the boundary 
curve, as explained by the author. Because of this, the method 
is Open to justifiable criticism. Nevertheless, it is still more 
economical to hunt and try with pencil and paper than with 
castings 

In addition, nothing can detract from the value of Mr. Caine’s 
work from the standpoint alone of its contribution towards 
the goal foundrymen want to attain very badly. That goal is to 
be able to calculate the riser size in terms of the casting’s dimen 
sions. No doubt the shortcomings previously mentioned will be 
overcome by someone with a greater mathematical talent, who 
it is hoped will present his results in a usable form. My per- 
sonal attempts to do so have resulted only in supplying an 
equation which will give the proper riser height for the riser 
diameter that is judged te be usable. At least we only have to 
guess that way for the diameter. Trying to go any further, I, 
too, ended up with the equations to the 6th degree. 

If the main premise of Caine’s derivation, namely, Chvorinov's 
principles, is incorrect, then a successful use of the method 


*Armour Research Foundation, Chicago 





DIMENS| 


th a great manv castings in industry must 
chance It must also be remembered that e 
machine suct is the heat and mass flov inalvze 
guesses until the results check an empirically de 
Mr. Caine: Do you not think that Dr. Schwa j 
eliminates the necessity of first arbitrarilv select 


ble to determine the riser dimens 


makes if Poss 
rately knowing only the surface area and volume 
Mir. Locks Yes, it does help and ple ise note 


usable form. I have seen Dr. Schwartz's work 


isuable still n trving it, we found that we 
vields just by the hunt and try system 

Victor PASCHKIs I want to thank Mr. ¢ 
excellent paper in which he made the mechanis 
in risers very clear also to a non-foundryvman. I. 
papel carefully there are some points which | 
comment on 

1. Casting and riser exchange heat by condu 


sibly convection Neglecting this exchange ma 
errors 

2. The paper gives the impression as if Fig 
short the main part of the paper were based 
ness of Chvorinov’s findings and of Fig. 1 (whict 
Chvorinoy It will be shown below that the 
present paper does not depend on the correctness of ( 
theorv. But inasmuch as the latter's paper is qui 
it mav be well to discuss it briefly 

3. Figure 1 of the present paper and Chvorino 
ply two facts which are entirely independent fror 

a. The solidification time for two castings 
poured at the same temperature) are the same 
castings have the same “size coefficient 

b. The solidification time increases with the 
size coefficient: e.g. R 0.2; solidification time 0.5. R \ 


& ) 


0.2 0.4: solidification time 2? \ 0.5 2 
It should be noted that in Fig. 1 the line is draw 
to include values 10 per cent apart: in reading for R 

can find a solidification time of 950 or 850 depend 
side of the line one uses for reading 

t. All experiments carried out in this Laborat« 
theoretical thermal considerations show that Chvorinov’s Dr. H 
are too broad 

1. The concept of the size coefficient holds only for 
cally similar shapes; for example it applies wher 
spheres of different sizes or of cylinders of differe: 
etc. In the case of cylinders however the concept is 
if length and diameter are changed proportionat 
it holds only for “sufficient molds,” i.e., molds the ou . . 
of which does not heat up during the solidification B 

b. Within the validity of the concept of R, thus 1 
the relationship between solidification time and siz 


is stated by Chvorinov is correct; the solidification tim« 
with the square of the value of R. 
c. Inasmuch as it is not permissible to speak of g 


value of R independent of shape, it is not surprising t : 


that the values shown in Fig. 1 are incorrect, as the f However 
examples show: 
\ sphere, 4.5 in. diam. has a value of R 0.7! 


cation time,* depending on the temperature is 270-530 s 


against 540 sec (9 min) following Fig. 1. A slab 4.5 e heigl 
and large enough to have no end effects has a value of R tults check 
in. Its solidification time is 695-1105 sec (11.5-18.5 i aes 
against 324 min in Fig. 1. scolar 
d. The question might be asked how Chvorinoy cai So 
validity for his findings on the basis of Briggs and Gezelius (es — ee 
if the above mentioned report* confirms Briggs tests | of 
claims Chvorinov’s findings. The answer is obvious fr ~~ en 
report:* Briggs and Gezelius have in their paper pres must b 
average solidification times, taken at quite diffe ; ~ 
temperatures. From Figs. 11-20 of the “Study on Solidi bas: 
of Steel Spheres” it is obvious that such averagil I tie 
missible. Moreover Briggs and Gezelius, in their bleeding = :, 
could never observe directly beyond approximately “ te 
thickness (for a total radius of 4.5 in, the last observation s a 
3 in. solidified). Hence plotting “complete solic /icatot on ; 
Chvorinov calls for considerable extrapolation ot! est e , 
accuracy. 
cas 


® Columbia University, New York 
*See Heat Transfer Committee Report 1948, “Study 
Steel Spheres” by V. Paschkis, Table VI, p. 377. 








present paper does not stand 
the curve Fig. 1, which is take 
f the new paper is contained i 
e the ratio ol R values” of riser and casting 
; the ratio of the volumes of riser and casting 
oes not appear at all in Chvorinoy Now, as 
nov would Fig. 1 of the present paper 
e same arrangement of scales the relationship 
‘ R value differently e.g t might be 
but with a different slope; or it might be a 
or concave witl respect to the abscissa axis 
d in no wavy influence the character of the 
218 dl n no t merely presupposes that cast 
eezing ratio” solidify in the same time inde 
SI ipe 
e Fig. 2 and Fa. 3 are by no means a unique solu 
o conditions given on grounds of physical con 
vo conditions are 
eezing ratio x 1; volume ratio \ 
e7ving ratio Xx 00: volume ratio \ b 
raction on solidification 
infinite number of different equations whicl 
conditions é 
a ly b - ] 


v x \ b)? 1a; & \ v h 


speaking, two points are not sufficient to de 


ind 4 are arbitrary and the good matching 
ental values is an empirical finding and valid 
r inge verified by experiments 


reference 4 of the paper it appears as if most 


ch were investigated were of a shape similar to 
For such instances the relationship of Fig 
But it would be interesting to see experiments 
ib is risered with a sphere, or at least with a 
height equal to the diamete1 
ed that such a case would not fit Eqs. 1 and 2 
H. A. Schwartz in his written discussion states: “If 
to be attached to the casting by an entire end 
ent form has a height of r and the same V/A ratio 
esupposes that heat is flowing through the end of 
the same rate as through the perimeter of the 
rough the opposite end. It appears to the writer 
sumption contradicts that of the paper of “no heat 
vetween parts of different cross section.’ 
CAINE futhor’s Reply to Dr. Paschkis’ Discussion Dr. 
kis’ discussion has put this subject on a firm mathematical 
one that as the author I was incapable of doing. 
perfectly willing to stand corrected as to the validity of 
ov's relation as long as Dr. Paschkis agrees that there is 
ition between volume and freezing ratio and the relative 
g rates of the casting and riser. 
ever the range of castings that can be risered from Figs 
covers about all castings encountered in production 
ry to Dr. Paschkis’ suspicions as expressed in item 8 of 
scussion, 15-in. slabs were risered with cylindrical risers 
height was equal to the diameter. The experimental 
s checked the curves of Figs. 2 and 3. Infinite slabs can 
be risered in steel, for, as stressed in the paper, the feeding 
ye of a riser is limited. Slabs less than 14-in. in section are 
t risered, for they can be cast sufficiently solid for all 
cal purposes without a riser. 


“ 


no 


| of Dr. Paschkis’ discussion is due to my not expressing 
clearly. The area of contact between the casting and 
be taken into consideration. This area of contact is 
ed in the surface area of either the casting or riser. 
Phis assumes that there is no, or at least balanced, heat ex- 
ge between the casting and riser. Perhaps later, more pre 
h ist take into consideration a flow of heat between 
nd riser. This can be compensated for by a change 
nst of Eq. 3. However, our knowledge at present is so 
hat we must learn much more about the whole 
fore such preciseness is needed. 

‘ 'y:* There are two things that should be made 
e paper. Is the calculated yield based on weight of 

divided by weight of casting and risers? 


eering Co., Philadelphia 


50] 


Mir. CAtnt Yes 


Mr. Troy This means re osses due t é 
‘ pping, g 1 ‘ t ‘ r 

icted t cate rue 

Mir. CAIni But that is ’ < el for f 

Mr. Troy But our vields fc lries are { p s cas 
veignt divided bv meta ct ed ‘ j ce 

Mir. CAINI I e, I f “ ! cle 
trom the elas Give re s < hye those 
optained me 

Mik TROY We h ‘ x if thy cs . cast < 
otten take ip « i cent of e te ela 1 re But nat 
is not as mip int as tft Ss one t! t I he ynole c t< tio 
or vou! papel heing DHbased or tne tact nat ce tree vy rate ot 
the riser for any given area nad volume w r ! he same atu 
as that of the cast ng issumil that the heat s r extractes 
uniformly both on the ier tac ind on the cast face 

While this is probably true OT Simple shapes, tew comme;»nca 
castings have unlimited coolent or sand on a surtaces. Rapid 
cooling external corners, slow cooling internal corners, sn 
internal sand cores together witl powertul termi iture radients 
ntroduced through manner of gating will tremendously cor 
plicat iny attempts to calculate proper riser s 

Introduction of small rad if ternal corners can changes i 
casting that has a shrink into a casting that does not have a 


shrink with the same riser svsten 

On the other hand, I want to thank Mr. Caine for his work 
It is hard word and he has tried to approach some definite 
method of reasoning in the selection of riser sizes 


( W BRIGGS In commenting 


should like to advise that the records of the Steel Founders So 


on Mr Troy's remarks I! 


ciety indicate that there are several dozen different commercia 
casting designs tor which risers have been calculated by the 
foundries These foundries have been able to increase thei 
yields from 40 to around 65, or trom 50 to 70 per cent and it 


doing so they are merely following the curves as they have been 
set forth. It is easy to follow the curves and a few calculations 
are simple These castings of which I speak are commercial 


castings; they are not only simple shapes. Our biggest problem 


go through the cal 


now is to get steel foundrymen to actually 
culations, but I will assure vou that if foundrymen will take 
the time and effort to make a few studies along the lines of the 
paper you will find that the curves and the calculations you 
have done will be tremendously valuable to you 

Mr. Locke: As pointed out by Dr. Paschkis, even though the 
theoretical equation does not satisfy the boundaries used in its 
derivation, we cannot deny the check of the curve by points 
calculated from very many actual castings. We just cannot over 
look the fact we have experimental verification 

Those of you who have read the Steel Founders’ Society Re 
search Report 13 will recall that complications, such as Mr. Troy 
pointed out, did occur But when areas of retarded cooling 
internal cores, or flanged castings entered the picture an ad 
justment in calculation had to be and was made 

There is nothing wrong with that method. The greatest sci 
entists use it. If they have something presented to them by 
experiment and it is not in accordance with a theoretical equa 
tion, the equation is altered 

As an illustration consider the work of Dr. Paschkis. In one 
case with a set of data on steel where the heat analyzer does not 
check the experimental results, a value for an air gap is fed into 
the machine. This allows his results to check experimental ob 
servations. In another set of data with aluminum, where the 
heat analyzer without a value for an air gap does check experi 
mental results, the air gap is forgotten 

Dr. PascHkis: I think you are mistaken regarding the air gap 
In all sand castings, the casting of metal against sand, we have 
consistently found the air gap is not there. In casting against 
a metal surface, chill, or a metal mold, there is an air gap and 
it has to be introduced 

Mr. Caine: I think the answer to most of this discussion is 
the fact that we must remember that we are in the early stages 
of this problem. Mr. Troy's step corresponds to a slightly ad 
vanced stage. Many risering questions are admittedly unanswet 
able at present but that should not discourage using these rela 
tions on simpler castings, for it is only by use that we can in 
crease our knowledge of this problem 


* Steel Founders Society, Cleveland 
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A FLUIDITY TEST FOR ALUMINUM CASTING ALLOYS 
A 
- 
’ 
By 
W. E. Sicha* and R. C. Boehm* 
- 
ABSTRACI One 3,,-in. diameter vent was punched 
cope of the mold at each end of the spiral \ 
Details of a standardized procedure for measuring t/ a ; ’ 
tive fluidity or mold filling capacity of aluminum alloys aif basin made as a core and positioned ove 
bacon’ late al the same dha ation hae band deactibad was employed to maintain uniformity in 
The careful control necessary in performance of the fluidity tes tions under which molten metal entered 
ay appear formidable but actual experience with the test wi dimensions of this pouring basin are shown 
nstrate that the required technique can be established witli ‘ 
oa Fluidity comparisons were based on the 
the flat spirals 
Introduction 


Pattern Change 


FLUIDITY MEASUREMENTS on aluminum alloys, 

for determination of mold filling capacity, can provide It appeared that seit " the discre age 
' 9 au Vv val 
useful information for foundrymen. The results of of duplicate tests might be caused b t 


fluidity tests may be helpful in diagnosing casting 
problems and are particularly valuable in alloy devel 


flow of the first metal that reached the b 
sprue. In an effort to insure more uniform cond 


opment. Essential requirements of fluidity test method of flow into the spiral arms, a 134-in. x | 


. . : . Wi \ | ag; lirect 
are that it should supply data consistent with fluidity deep well was provided in the drag and ¢ 


° . > 1 : ' ‘10, 4. t le monst 
ratings based on production casting experience and the apeue, is shown in Fig. 3 Pests « 
. . . that addition of the well at the base of the spi 

that it provide reproducible results in duplicate tests. ee ' ; | 
\ fluidity test that generally conforms to these stipu effective in improving the consistency of fluidi 

lations was described in the paper entitled, ‘The 
Measurement of Fluidity of Aluminum Casting Al 
lovs” by L. W. Eastwood and L. W. Kempt.+ This 
paper described the flat spiral fluidity test casting 


shown in Fig. 1. Considerable use of this test during 


























Incorporation of this pattern change necessitat 


moval of the spiral arms at the edges of the b 


the intervening period has demonstrated the advan 
tages of minor revisions in the pattern design and 
more complete definition of molding and pouring 
practices, particularly for the purpose of gaining im 
proved reproducibility of test results. The material 
included in this paper describes these details and con- 
stitutes an amplification of the earlier paper. 


Test Casting 


The test casting pattern consisted of a lig in. thick 
by 134-in. wide ribbon of an arbitrarily selected spiral 
shape mounted on the drag face of a wooden match 
plate. Green sand was used in molding and a 34-in. 
diameter sprue, cut through the cope, was located so 
as to open into the spiral cavity at about its mid-point. 


* Aluminum Research Laboratories, Aluminum Company of 





America, Cleveland, Ohio 


: , er . Vo ; ] § go of origina s1gy 
+ TRANSACTIONS, American Foundrymen’s Association, vol. 47 Fig. 1 Flat spiral test casting f rg 


determining fluidity of aluminum cast 





pp 571-582 1939) 
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SECTION A-A 


Fig. 2—Drawing of pouring basin core for flat spiral 
fluidity test. 








med in the well and use of the total volume Molding Precautions 
wo spiral ribbon sections as measure of Need for standardization of molding material and 
Desire for further reduction of att’. in test procedures for production of fluidity test molds were 


isted in spite of the gain pro. '-d by the emphasized in the earlier paper on this subject. A 


iteration. more detailed discussion of practices adopted to mini 
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\ snap flask or tight metal flasks 
Convenient dimensions tor the flask are 
ith a 5-in deep cope and a 4-1n deep d 
Hand ramming should be limited to 
sand adjacent to the flask walls. Squeezii 
at a fixed pressure Is a desirabk procedui 
ment of consistent mold hardness and 
[he sprue can be tormed most readily, 
located and unitormly cylindrical chan 
of a tube or rod suitably placed in the { 
fore filling with sand and squeezing thi 
sprue form can be held in position at th 


a pin mounted on the match plate and at 





allowing it to extend through a properly 


slightly over-size hole in the cope squeez« 


Preparation of Mold for Pouring 


\n important detail in mold preparat 
/ 3—Klat spiral fluidity test casting of modified necessity for leveling. This can be ac 


design inverted to show the well at base of sprue readily by inserti small wedges where needed 


oO 
1g 


the bottom board cleats while checking wit! 


mize the effects of variables in mold preparation prob spirit level placed on the open drap pariii 

ibly would be of interest to those contemplating us¢ The leveling operation is illustrated in Fig 

of this test. Institution of the control details that have be 
The same base molding sand or sand mix, with a scribed as well as those pertaining to melting 

controlled moisture content, should be employed con pouring the metal still permitted an undesira 

stantly in order to obtain comparable test results gree of scatter in duplicate test results. Actual p 

Minor variations in the physical properties of the of the molds was found to be too subject to var 

particular molding sand have no significant effect on even with the control exercised by use of the po 

fluidity values. However, marked differences in mold basin core on top of the mold. The direction 

ing sand properties can influence fluidity data ma which metal entered the pouring basin, the exact 

terially tion at which the stream of metal encountered 

pouring basin, and the rate of pouring influence 
Fig. 4—Fluidity spiral molds in position for pouring test results. 
in background and a mold drag being leveled in Efforts to minimize the effect of these factors res T 


foreground, in adoption of the practice of inserting a pi 
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the pouring basin cor 
square piece of 0.005-in. thick 2S-O toil 


\n approxi 







temporary dam which was ettective uu 





niiuence Of Variations 1n pouring tech 











ouring basin must be placed caretully 





mold to insure exact alignment of thx 


sprue in the core with that in the mold 


ine in the green sand around the prop 







core affords a means for relocating the 





placement of a piece of aluminum foil 





and on top of the mold. Molding sand 





inked around the pouring basin core afte 





d to prevent run-outs and to aid in hold 





In position \ group of molds ready to 





s shown 1n Fig. 4. 





Metal Handling 





ortance of precise control of the metal 


mperature was stressed in. the previous 





further comment on this point is in ordet 





iunnot be overemphasized. Deviation trom 





d pouring temperature by more than 5° | 


jiral arm volumes much more than rela 







departures from other standard practices 





c equipment must be accurately calibrated 





checked for adjustment just before it 





d. Beaded chromel-alumel thermocouples 





small diameter steel protection tubes o1 





a couples have proved to be satisfactory 





ling melt temperatures. Mounted or sta- 






ometers are considered necessary in this 





se adjustment can be maintained much 





than in production types ol portable 


Ty o couples should be available and con 






ro ioh a selector switch to the pyromete 





\ crucible with a capacity of about 20 Ib. of alumi 





1 illovs is suitable because it can be handled by 






in for pouring. Employment of charges that 
\djust 


nt of the melt temperature to that desired fon 





practically fill the crucible is advantageous. 






wing should be performed in the melting furnac 





[he rate of heating the alloy in the crucible should 





tarded as the pouring temperature is approached 





Through brief and repeated operation of the furnace 





} 


irners, the molten metal can be heated gradually to 






t pouring temperature Use of two thermocouples 


with one placed in the center of the melt and the 






her against the side of the crucible, assists in observ 





ing the magnitude of the heat “head” in the furnace 
nd 





in controlling operation of the furnace burners 
luring the latter stages of temperature adjustment. 






Tl . . . 
‘is manipulation is necessary to bring the alloy ex- 





actly to the pouring temperature at the moment when 





rucible and furnace are at practically the same tem- 






eratur \ttainment of this te mperature balance pre- 







Vents heating or cooling of the alloy as it is poured 
er the lip of the crucible. Melts prepared in this 






inner can be poured promptly into several fluidity 





ids in succession with assurance that the 





nperature drop during the entire operation will be 
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TABLE 2—Errecr or GaAs CONTENT ON THE FLUIDITY 


OF THE ALUMINUM-5 SILICON ALLOY 





G 
! s 
‘ Weig Gra! \ 
NM of Me We 
Ne \ ( " 
Ss ( ngs Poured | n M 
‘ l v { § Conten 
fy) f ’ 
i f } f fy fh 
649 670 f { H44 
Grand Average 629.4 
Spiral Castings Poured From Melts 
with Higher Gas Contents* 
1A 0.36 62.7 61 62.2 
9A 0.97 60.6 63.6 63.6 62.6 
RA 0.72 66.4 58.5 61.9 62.3 
Grand Average 62.4 


1 The three melts were prepared with ingot from a single 
heat of 43 alloy. A pouring temperature of 1320 F was employed 
and aluminum foil was not placed across the sprue 

2 The values listed are per cent voids, determined by density 
measurements on standardized test specimens poured with the 
fluidity spiral castings 

The melts were fluxed with chlorine to substantially remove 
hydrogen 

t The remaining molten metal in each melt was treated wit! 
0.2% NH,Cl to introduce hydrogen 
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Ihe melt should be skimmed with a_ preheated 
skimmer prior to the last step in temperature adjust 
ment and further skimming should be avoided. A 
suitable temperature for pouring is 1550 F for alumi 
num alloys aithough some other or more than on 
standard pouring temperature may be adopted. Pou 
ing should be performed at a fairly rapid rate and a 
small amount of metal should overflow through the 


slot in the top edge of the core. 


Test Results 


Lhe fluidity rating of a particular heat of ingot o1 
a certain aluminum alloy should be based on _ th 
volume of the spiral in precision work. However, 
informative comparisons trequently can be made on 
the basis of spiral weights. Satisfactory fluidity values 
for individual lots of metal can be established by 
pouring from three to five flat spiral castings from 
each of duplicate melts. 

Adherence to standardized practices such as have 
been described still yields some variation among 
weights of individual spirals. ‘Ihe order of uniform 
ity of results obtainable is indicated by the values 
included in ‘Table 1. Variation in weights of indi 
vidual spirals poured from a single melt usually is 
less than 15 grams. ‘The object in pouring several 
castings from each melt is to permit averaging of the 
individual spiral weights. ‘This procedure provides 
more reliable values for comparison and as is evident 
in Table 1, average weights of ten spirals from sepa 
rate tests on an aluminum alloy are in close agreement 

Fluxing the heats of molten metal undoubtedly 
should be avoided in procuring fluidity comparisons 
on different lots of ingot of the same aluminum alloy 
which have displayed non-uniform casting characte1 
istics In production use. In fact, fluxing for removal 
of hydrogen probably can be omitted in practically 
ill fluidity testing because results appear to be unin- 
fluenced by the gas content of a melt. This obser- 
vation is substantiated by data given in Table 2 
Substantially identical fluidity ratings were obtained 
on melts of an aluminum alloy prepared with ingot 
from the same heat but which had been treated so as 
to provide melts with drastically different gas contents. 
Ihe thin spiral ribbons probably solidify too rapidly 
to allow formation of gas bubbles in sufficient quan 
tity to influence metal flow and the related spiral 


weights 


Summary 


Details of a standardized procedure for measuring 
the relative fluidity or mold filling capacity of alumi 
num alloys on different lots of the same aluminum 
alloy have been described. ‘This information supple- 
ments that provided previously in an A.F.A. paper 
on a fluidity test for aluminum casting alloys prepared 
by L. W. Eastwood and L. W. Kempf in 1939. The 
careful control necessary in performance of the fluidity 
test may appear formidable but actual experience 
with the test will demonstrate that the required tech- 
nique can be established with little difficulty. 

It is hoped that discussion of this fluidity test 
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method will stimulate interest to such 

its use will be extended. More general a 
the fluidity test should provide informat 
to development of refinements that woul 
crease its usefulness in evaluating alun 


with respect to this important casting cl 


DISCUSSION 


( Hirane Brown, Solar Aircraft ( 
( Chatrn H. R. YOUNGKRANTZ, Apex Sme 


WALTER BONSACK (Written Discussion)" The 
ution to the measurement of fluidity is notewo 
of this kind is very much needed. It is gratifvi 
with a small change in design this pattern can be 
is well as shown in the test data Io get such ¢ 
results on one and the same alloy is really a cc 
that the test seems to work. We have not had a « 
our pattern yet and try the authors new method 
towards a standard fluidity test is highly r 


change looks good and it would be interesting 


people trv it and to have a comparison and a dis 
vear trom now 

Vicror PAscHkis (Written Discussior Ihe au 
size the importance of pouring temperature fi 
fluidity tests This statement, made for aluminu 
in agreement with the report by the writer regar 
ings.* The prevalent influence of the pouring ten 
the solidification pattern makes it desirable to 
formation on the limitations of fluidity tests. How 
tion in allov influence the fluidity as compared 
in pouring temperature? To what extent are the 
fluidity Fable 1) the result of imperfect temper 

Inasmuch as the temperature is so important, is 
torv statement still correct, that “the results of fluid 
are particularly valuable in alloy development 

D. LAVELLI What were the results on some othe 
compared to the alloys described? What was the 
difference tound? 

Mr. SicHA: We have some additional informat 
point which was obtained subsequent to preparat 
papel The range of variation can be indicated by 
of the Al-5°, Si (43) allov with the Al-4.5& Cu 


As I recall the figures we had a fluidity value d 


little less than for these two alloys. I might give 
for comparison. In the standardized test with No 
had a fluidity value of about 57 grams and for N« 
the value was about 50 grams. In the case of 
Si-3.5°7 Cu (319) alloy, the fluidity value was of 


85 grams and the AI-7 Cu-3.5%% Si (C113) alloy 
fluidity value of about 82 
Mr. SicHA’s Repty TO Mr. BONSACK 

Nir. SICHA Reply to Mr. Bonsack’s Discussior \\ 


the interest of Mr. Bonsack and others in workir 


grams 


fluidity test specimen will contribute improvements 
sions that will provide an even higher degree of sens 
reproducibility in test results. However, we believe 
can be very useful in its present stage of development 

J. G. Mezorr:* Did the authors check the thickness 
casting to see if there was a variation in thickness of 
which might be related to the variation in the w 
casting trom one pour to the next on a given testr 

Mr, SicHa: Yes, that point was checked carefully 


eral the spiral arms were practically identical in 
is indicated by your comment, distorted fluidity values 
result from variations in mold cavity thickness and | 
non-uniformity in spiral arm thickness. It was bec 
factors as this that I stressed so heavily the import 

trol of molding procedures. 


1 Apex Smelting Co., Cleveland 


2 Columbia University, New York 
*V. Paschkis Studies on Solidification of Castings It 


A.F.S., Vol. 55, p. 74 (1947). 


‘American Smelting & Refining Co., Barber, N. J 
‘Saginaw Bay Industries, Inc., Bay City, Mich 











GRAY IRON HARDENABILITY AND ITS RELATION TO 
AIR QUENCHING OF CASTINGS 


By 









R. A. Flinn” and R,. J. Ely* 






{BSTRACT a. What is the reproducibility ot hard 
commercial, controlled cupola irons? 
b. What range of hardenability is availa 








above irons? 





A. Reproducibility 














os, sane oe eT ee ee ee The end quench test developed by Jo 
The hardeni of castings by air quenching to minimize Boegehold* is now used widely as a standard of | 
list m and crackit is then related to these hardenaoiit ability and form an excellent basis ot comparis 
ues and to the surface to ume wr oj a cases the alloys discussed in this paper. 
' rte oi Agar “pig — ulin Briefly, a l-in. diameter x 4 in. long bar is 
siialin tats to the standard quenching temperature for t! 
a rial, e.z. 1600 F, then removed from the furna 
quenched at one end-face by a standard water jet. 1 
\s GRAY IRON receives increasing attention as a procedure develops a variety of cooling rat 
quality material for engineering use, it is inevitable therefore a variation in hardening as shown in | 
that complete information will be required concern- he hardness at different points may be ther 
ing its engineering properties. Since hardenability 1s lated to the effects to be expected in different 
a dominating consideration in the application of a castings or at various locations in a large casting 
large group of steels, parallel knowledge of the suit In these experiments twelve specimens of Class 





ability of gray iron for similar service is required. cupola iron obtained during two days product 








The purpose of this paper is first, to indicate the were subjected to the above test, Fig. 2. The analyses 
range and reproducibility of hardenability that is of the irons are given in the same graph. T! 
available in gray iron and secondly, to demonstrate bars used to insure sound specimens are illustrated 
the use of the higher hardenability irons in castings Fig. 1. Ihe Jominy test was conducted by soaking 






specimens for 14 hr at 1550 F and then water que! 
ing one end in the standard fixture.” Hardness 
determined on the side of the bar after grinding 
0.015 in. deep. 

All the specimens hardened to 45 Rockwell "© 


where air quenching is desirable to avoid distortion 





or cracking obtained during liquid quenching. 






|. Range and Reproducibility of Hardenability 












Murphy, Wood, and D’Amico! illustrated in 1936 hardness minimum to a depth of 14 in. In Fig. 2, the 
that the same principles govern the hardening of allowable variation in an H type steel of simula 
gray iron as for steel by describing an “S” or iso- hardenability has been plotted, to show the corm 
thermal transformation curve similar to eutectoid steel. able range of hardness.* 

Others*:*."° have demonstrated the effect of alloys 

upon the gray iron “S” curve. Timmons, Crosby, and B. Range 

Herzig? have contributed a discussion of the applica- 

tion of the Jominy or end-quench hardenability test 1. Unalloyed Irons 

to gray iron. Figures 3 and 4 illustrate the variation in 

Although a significant amount of gray iron is now quench hardenability for three types of gra) 
hardened, two questions are often asked: ranging from a low carbon, low silicon Class 50 

to a higher carbon and silicon Class 30 ir Wh 


comparatively little difference exists, it is oposite ™ 


* Metallurgical Department, American Brake Shoe Company, c ; bas 
general effect produced in steel by increasing caro 


Mahwah, N. J]. 

























[his anomaly may be explained as 
| 









sing silicon in gray iron reduces carbon 


~ 


} 


the austenitizing temperature, a predom 





vr in determining hardenability. 






iohet graphitic carbon associated with in 


carbon and/or silicon reduces overall 





n if matrix hardness remains constant. 





distance along the Jominy bar to a specified 





ss (a typical method of evaluating harden 





ild also be reduced. 





be noted that the hardenability data re 





applicable only, for example, to Class 50 





analysis given. If the class specifications 
the addition of alloys rather than changing 
silicon balance, a different characteristic 






itv would be obtained. 





2. Alloyed Irons 





sunced increase in hardenability is obtained 





rate alloy additions. In Fig. 5, the Class 





irons have been maintained for reference 





sults for nickel-molybdenum additions to 





ind to anothe bas¢ iron have been added. 





ke a quantitative comparison of the harden 





he different compositions, the distance from 





hed tace to point at which the hardness falls 






rtain value, Re 45 for example, may be 






ind used as an index of hardenability. As 






0 BHN) represents the minimum hardness 





specifications, the distance along the end 





to this value has been used as the basis 





In each case the cooling rate past 1300 F 





distance has also been tabulated. 





ymbined carbon content of the quenched 





s should be mentioned here briefly. The al 





ms, although exhibiting 0.52-0.53 per cent 





> 


d carbon in the as-cast conditions, rose to 0.73- 





8 cent, close to eutectoid composition, upon 
» 1600 F. 





This characteristic has been noted 





ther alloyed and unalloyed compositions and 





tributes to both hardenability and reproducibility 





nardening 





Table 1 hardened 


it the slowest cooling rate of the end-quenched 


Since the alloved materials of 





the air hardenability bar® illustrated in Fig. 6 





ised. This consists of a 6-in. diameter x 4-in. long 
ncer into which the ]-in. diameter x 7-in. long test 






s inserted for 3 in. This assembly is then heated 





he same temperature as used for end-quench tests 





then air cooled rather than water quenched. 
the Jominy end-quench bar provides a series 
oling rates from 600 F/sec to 4 F/sec, the air 
rdenability bar cools 4 F/sec to 0.67 F/sec. All rates 
n are measured at 1300 F. The hardness values 
' Fig. 8 for rates less than 4.0 F/sec were obtained by 


} 


ng the air hardenability bar. 











ll. Air Quenching of Gray Iron 
A. General 







in the quenching of steel or gray iron from elevated 
peratures to produce hardening, cracking or dis- 
tion may occur due to two fundamental causes, 
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Test bar used for casting Jominy 
hardenability spec mens. 











l. A temperature difference results from the rapid 
cooling of the surface layers. ‘The thermal expansion 
of most steels and irons is between 0.0007-0.0012 in. per 
in. per 100 F. Since each 0.001 in. per in. strain de 
velops 15,000 to 30,000 psi. stress, a 200 to 400 Fk 
gradient may cause deformation and in brittle mate 
rials, cracking. Even in normally ductile steels, crack- 
ing is often encountered because the hardened layer 
does not possess the ductility of the material in the 
softened state. 

2. Structural changes are accompanied by dimen 


sional changes. The change in length due to the 
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) QUENCH DATA ON TWELVE BARS OF CLASS 40 CUPOLA IRON 
COVERING TWO DAYS PRODUCTION 
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END QUENCH DATA FOR CLASS 30, CLASS 40, AND CLASS 50, 
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data for Class 30, Class 40, and 
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EM QUENCH DATA FOR CLASS 30, CLASS 40, AMD CLASS 50, 
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luz imc, No, 6rd LCS 


Class 30 K-l4 
Clase 40 K-145 3.19 
Cless 50 K-las 2.8% 
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EMD QUENCH DATA FOR CLASS 30, CLASS 40, AN 
TWO Wi-Mo ALLOYED IRONS QUENCHED FROM 1600°F. 
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Class 30 K-148# 3 
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End-quench data for Class 30, Class 40, and 
two Ni-Mo alloyed irons quene hed from 1600 F. 
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wesc 
the hardening of alloy steel or gray iron is approx- ‘ An 
imately 0.010 in. per in.® If transformation occurs at Fig. 7—Center air cooling rates as a fur il sta 
different times in separate parts of the casting, the area to volume (A/V) ratio for regula - 
4 
' 5 la , , } ;? 
resulting stresses are of larger magnitude than caused masses.” (While the cooling rates given castil 
by temperature gradients. In general, however, the and on the end-quench curves were det He 
principal stresses trom transformation are in com steels, the use for irons is qustified by the Re! 
pression thermal conductivity and specifi m 
Since the therrial gradients may be reduced bv 2n rr 
quenching, the accompanying stresses may als~ hé \s an 
lowered or eliminated. This process also decre ~_> th even when air quenched from the hardenin 1m 
likelihood of transformation at differen* , is of the ature. The minimum cooling rate through cast 
casting at different times. Air hardening or a.c quench necessary to harden the 0.88 per cent Ni, 48 rent Me 
ing therefore provides less tendency to cracking than Mo iron to above Re 45 was 4 F per sec whi To softet 
liquid quenching and has been used extensively fon 9.55 per cent Ni, 1.5 per cent Mo iron, thi ment at 
intricate steel parts such as dies. In the following slower than 0.67 F/sec. -Both of these com hardness 
; section the application of this method to gray iron is may be used for air quenching, the lowe: ited te 
described. The data of Ta’ 'e 1 and Fig. 8 demon- lighter sections, the higher alloy for heavy cast “4 BH? 
strate that certain alloyed gray irons would harden \ modified type of at: quenching in whic! m to 
sectlo 
; The n 
PaABLE 1—COMPARATIVE HARDENABILITY OF DIFFERENT IRONS* led in 
To au 
— juired 
;ULTE 
a. Per Cent a a 7 a 
r.€ Mn, Si, Ni, Mo, Cu, Distance ** Rate’ uNts 
Type Per Cent Cast Quenched PerCent PerCent PerCent PerCent PerCent ToRc4 FS 
al 
Class 30 ) — 06 09 an 
e ar 9 1 
Unalloyed ‘ania ” bites ag he an 
0 
class ¢ ( 3.19 mn Se 0.84 1.82 wih _ ical 9.8 2 the « 
Unalloved media is 
‘lass 50 my] 
cae © 2.84 7 a 0.85 1.8] int Bis _ 10.0 29 simple s! 
Unalloved { ; 
) e cooll 
Class 40 
3.0 0.53 0.73 0.85 1.79 0.88 0.48 0.21 > 40.0 t 
Ni and Mo { — As 
« (En ae oO 
Induction Furnace )} . - - _— — _ ~ — 
2.85 0.52 0.78 ).95 2.23 5.55 1.52 --- 2» 40.0 encounte 





Iron Ni and Mo { 





T lanne d 





*A more complete summary including the data of Timmons, Crosby, and Herzig? is given in Table 4 at the end of 
** Distance in sixteenths of an inch from ti.c quenched end of the Jominy bar at which the hardness falls below Rc 
***These values represent the cooling rate (°F/sec) through 1300 F at the distances defined above. The 1300 F rate was 
cause of common usage. The rate in the regions of more rapid transformation is often more significant, but the tem 


counters 






ations 







these regions vary depending upon comp sition 

















aND R. |. Evy 1S 
TABLE 2—ANALYSIS AND MECHANICAL Properties OF Cast Du 
> I Mn P S Si Ni Mi 
Per Cent Per Cent Per Cent Per Cent Per Cent Per Cen Per Cent 
2.46 0.96 110 159 1.81 ( 1.39 
Elongation 
3 CC GC, lensile Per Cent Per Cent Modulus 
: Per Cent Per Cent BHN R¢ Psi Total Plastic x 10 
“ 0.47 1.99 $15 64,125 0.40 0.05 20." 
° oni ) 
3 sc 0.49 1.97 241 15,250 0.40 0.1) 20.4 
_ ; °4AC 0.64 1.82 444 40,000 0.31 0. 
~ si . 418 63,250 0 0.04 9.2 
J > I A.C. j 
: the casting is hardened will be discussed by experimental determination of cooling rates and 
‘ selection of minimum alloy necessary, or by ove 
alloying on an approximation basis, would depend 
3 B. Typical Air Quenching Cycle upon the quantities or tonnages involved 
F ; ; For example, assume that it is desired to air harden 
cle tor alt quenching om che coming & a casting 1% in. diameter x 2 in. long. The surlace to 
osed of the following steps: ; volume ratio (A/V) of this bar is 3.53/.392 9.0. 
\nneal to relieve stresses and increase dimen- Ihe cooling rate past 1300 F is 6.65 F/sec (Fig. 7). 
sional stability for machining opcrations; also to sotten Phe 0.88 per cent Ni, 0.48 per cent Mo alloy with a 
essary. In cases where an excess of alloy is used, hardenability of 50 Re at this rate (Fig. 8) will be 
isting may harden at the mold cooling rate. satisfactory while an unalloyed iron would require 
» Heat uniformly to 1550 to 1600 F for hardening. quenching in a liquid medium. 
Remove from furnace and cool uniformly in air 
ee : . D. Spot and Differential Hardening by Air Quenching 
lemper if desired at 400 to 600 F. 
\s an example, a cast die weighing 232 lb and hav- Much less alloy is required if only certain locations 
a maximum section of 4 in. may be considered. of the casting are to be hardened. For example, let 
casting was poured of a 5.5 per cent Ni-1.5 per only one region of the 3-in. Y block shown in Fig. 9 
cent Mo analysis similar to that previously discusssed. be heated to 1600 F at 14 in. beneath the surface by 
fo soften the casting for machining a tempering treat- an oxyacetylene torch. The cooling rate under these 
nt at 1200 F for 15 hr was used to provide a Brinell conditions will be far greater than if the entire cast- 
dness of 240. After machining, the casting was ing were cooled from the austenitizing temperature as 

ited to 1600 F, held 4 hr and air cooled producing shown in Table 3. 

‘i BHN. All the above hardness values were uni- The colder surrounding metal provides a rapid 
mto +15 BHN throughout the casting as disclosed mass quench whose cooling rate is 54 times faster than 
sectioning. for the same block uniformly cooled from 1600 F. 

m lhe mechanical properties of the material are pro- Since the cooling rate past 1300 F is 45 F/sec with 
= led in Table 2. the spot heating just described, an unalloyed Class 40 
lo air harden smaller castings much less alloy is iron would be expected just to harden (Fig. 8). Ex- 
juired. A general method for determining the amination of an unalloyed Class 40 iron treated in 
. uunts required is included in the following section. this manner showed, however, the presence of some 
traces of pearlite in the hardened zone, indicating that 
C. Estimation of Hardenability Required for a marginal condition exists. In the 0.88 per cent Ni, 
Air Quenching 0.48 per cent Mo alloyed iron treated similarly no 

pearlite was observed. 

lhe cooling rate of a casting in air as in other A like condition occurred in practice during the 

media is related to its surface to volume ratio. For induction hardening of 14-in. ring casting of the sec 
‘imple shapes this ratio may be easily determined and tion shown in Fig..10. Water quenching was required 
cooling rate at 1300 F may be estimated from Fig. to produce a fully martensitic structure to a depth of 

\s the data presented in Fig. 7 are based on center 14 in. in an unalloyed Class 40 iron, while a mod- 
gong rates, they represent the slowest rate to be erately alloyed iron could’ be air quenched to full 


‘ncountered and hence if sufficient hardenability is 
‘nned for this point, no difficulty should be en- 
countered in obtaining adequate hardness at other 
xations. For more complicated shapes, the data of 
Fig. 7 can only serve as a first approximation of cool- 
Whether required hardenability is obtained 


hardness. 

The relatively small difference in hardenability of 
irons quenched frora 1600 F and 1800 F indicates that 
the temperature gradients of similar magnitude exist- 
ing during induction or flame heating should not have 
adverse effects upon the expected hardenability 
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EFFECT DF QUENCHING RATE UPON HARDNESS OF VARIOUS GRAY IRONS 
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S—Effect of quenching rate upon 


various gray irons. 


TABLE 3—COOLING RATE OF 3-IN. Y-BLOCK U NDEI 


VARIOUS CONDITIONS 








Condition Rate at | 


Mold Cooled 

\ir Cooled 

Mass Quenched After Spot Hardening 
*Rate “A,” Fig. 8 





Fig. 9—Test bar used for spot hardening. 
was performed on bottom face and coollt 
termined 1% in. below surface 















LT ABLE 4—SUMMARY OF HARDENABILITY OF VARIOUS IRONS 
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—, : 
Per Cent 
1 « Nir S! N | \I C.u Distance Rate 
OQuenched Per Cent Per Cent Per Cent Per Cent Per Cx Per Cent 1 Re 45 F Sex 
| O.64 
| 
i 
' 
x71) 0.58 0.64 1.76 l race 0.00 (48 ‘ a4 
0.65 0.75 1.7 00 0.4 , 6 
0.60 
/ 
Mo.\ 
Furnace .e 0.52 0.78 0 Ox 29 ' 156 { <40 
Ni and Mo{ ~ 
| lata of Timmons, Crosby and Herzig. These bars soaked | hr at 15 F prior to quenching 
| 
| 
i 
Hardened They also appreciate greatly the metallographi 
Zon work of Mr. R. J. Gray and the mechanical testing 







and drafting by Misses M. A. Moran and S. \. Decke: 
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Conclusions 






Properly controlled gray irons have both repro 







hardenability and a wide range of harden 






Hardenability may be adjusted by the use of 





DISCUSSION 





‘ to provide compositions that will harden by air 










‘ . Chairma) ] S. Vanick, International Nickel C a Ne 
from 1600 F, thereby reducing cracking and 
5 5 York 
tion, Co-Chairma? I I FAGAN Cooper Bessemer Corp C,rove 
lhe alloved compositions may also be used fot City, Pa 
: -" M " s ? ten SCUSSIO lil the i ling na 
ntial hardening by induction or flame heating D. J. Reese (Written Di ’ I like I 
, his associates explore the iron-carbon-silicon system and as 


*. . 
by air cooling. 









— sociate their findings with the more explored iron-carbon s 

tem Applving the Jominy end-quench test to cast iron ap 

Acknowledgment pears to have awaited the initiative of these investigators \ 

uthors are greatly indebted to the entire staff ae os Se a to be irregular in shape with wide 

he x Variations in sections, drastic quenching procedures ire not 

Metallurgical Department of the American desirable in most cases. These investigators direct attention t 

A LOK Company, especially to Mr. R. H. Schaefer, the magnitude of strain and stress when either temperature 
letallurgist for many helpful criticisms and differentials or structural changes occur 
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has tound commercial application, for example, in automotive 


camshafts, the procedures used have usually been developed by 


trial and error methods for the specific part to be treated 
[hough these investigators pack a lot of information into a 
brief paper dealing with the heat treatment of cast iron, suf 
ficient information to void the need for trial and error ap 


proaches to the heat treatment of cast iron, we can still hope 


that these investigators will record their observations on other 


types of plain and alloyed cast irons at some near future dat 


I would like to extend my compliments to Messrs. Flinn and 


lly for their contribution to increased knowledge on_ this 
engineering material 
Mr. JomMiny’s Discussion 
W. E. JOMINY Written Discussion) [his paper on gray 
iron hardenability is very interesting and shows a thorough 


understanding of the subject on the part of the authors, Cast 


iron being a much more complex material than steel requires 


more careful consideration in applying the laws of harden 


ibility 


For those who are expecting to use hardenability tests in 


connection with oil quenching or air quenching of gray iron 


it would be well to heed the two points made at the 


castings 


top of page 509 labeled “a” and “b.” Inder “a” the statement 


is made that “increasing silicon in gray iron reduces carbon 


solubility at the austenitizing temperature, a predominating 


factor in determining hardenability.’ This is of greatest im 


since dissolved carbon increases both the hardenability 
Since rate ot 


portance 


and the hardness in cast iron. cooling of the 


casting as well as silicon content greatly affects the amount of 


combined carbon, these two factors will have a profound in 
fluence on the hardenability of the iron 
Another affect the 


solution is the amount of time the iron is held at the austeni 


factor which will amount of carbon in 


tizing temperature. The longer the iron is held at the austeni 
tizing temperature the more nearly it will approach the equili 
brium between silicon, combined carbon and graphitic carbon 
Consequently, in applying these principles, it is essential that 


the rate of cooling of the casting in the mold as well as the 
length of heating time and temperature of heating time mus 
be carefully considered to obtain uniform results. 

The other point referred to previously is “b”, “The higher 


graphitic carbon associated with increased total carbon and/or 


reduces overall hardness even if matrix hardness re 


rhis is likewise a very important principle to 


silicon 
mains constant” 
keep in mind. It is probably simpler to consider hardenability 
from the point of view of microstructure rather than the point 
of view of hardness. If distance cn the end-cooled bar is 
measured at which the matrix is all martensitic we get the most 
accurate measure of the hardenability of the iron. We use 
hardness measurements merely because they represent an easiet 
at what microstructure 


at what distance it contains 50 


method of determining distance the 
changes from all martensite and 
per cent martensite, et 

Since the hardness is affected by 
it is safer in cases of anv misunderstanding to examine 
the test piece under the microscope. For Fig. 5 
specimen No. 46-458-5 is shown to have a definitely lower hard 
ness at the water cooled end of the standard end-quenched Lar 


This is the most highly alloved cast iron 


the amount of graphite 


prese nt 
instance, in 


than the other irons 
which also has the lowest graphitic carbon of the group. I 
wonder whether examination of the microstructure of this iron 
would not reveal retained austenite as being the cause of this 
lower hardness 

The writers do not state whether the test bar shown in Fig 
1 is cast in a graphite mold, green sand or core sand. I should 
like to ask the 
mold material for this test piece 


authors what thev would consider the ideal 


6-in. long test 
In the Metals 
piece has been 


In Fig. 6 the authors show the 6-in. dia. x 
determining air hardenability 
Handbook of ASM’ (1948 edition) this test 
standardized so that the through the 
bored 0.858 in. in diameter and tapped to a depth of 1 in. so 
that the test into the 


threads on the test 


cvlinder for 


hole 6-in. cvlinder is 
cvlinder. The 


that 


piece mav be screwed 


piece are at a location so when 





2 Chrysler Detroit 


Corp., 


\lthough air quenching ci alloyed Cast iron component parts 
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screwed in the cylinder the test piece extends 


cvlindet Ihe cylinder is made ot a 32 per « 


illoy to give treedom from scale formation b 


noted that this alloy will not cool at the same 


carbon cylinder It would be well to adopt 


making tests so that we can duplicate one anot} 
In translating data from the standard harder 
course be neces 


i commercial casting, it will of 


some actual comparisons between the casting un 
tion and test preces made from the same iron \ 
viously, these will be very definitely affected by 


of the casting and in some cases by the location ¢ 


Mr. NAGLER’s DISCUSSION 


( \ 


complimented for the fine paper that they have wi 


NAGLER Written Discussion): The auth« 


hardenability of grav iron 

The method of casting the Jominy hardenability 
very good. It is assumed that the bars were then 
the standard l-in. diameter and 4-in. length. We 
copper plated prior to the Jominy test? 

Did the authors note any graphitization in the ¢ 
heating at 1550 F 

Have the authors given any thought to the followi 
\ustenitize the Jominy bar at 


for 1% hr? Was there any ferrite 


hardenability data? 
determined temperature and then quench the bar to same 
determined isothermal temperature for a predetermi: 

of time and then remove the bar from the salt and qu 
fixture 


the standard Jominy Then determine hardness 


for the length of the bar at stations 1/16 in. apart 
The users of gray iron have been well aware « 
hardening characteristics of the unalloyed and _ allove 


cast 1rons 
To clarify Fig 


terpret the data contained therein? 


8 to me will the authors please furt 


Mr. EAGAN’S DISCUSSION 
Co-CHAIRMAN EAGAN (Written Discussion): The recomm: 


srocedure of hardening gray iron has always consisted 
oil or water quench with a subsequent tempering to the 
Because of the danger of cracking, on 


sired hardness. 


simplest of shapes could be hardened. The authors have 
cleverly shown that with the proper use of alloys the | 
martensitic matrix ¢ 


ability can be increased so that a 


formed with an air quench. Because of the lower temp 
gradient during the cooling more complicated shapes « 
be hardened. 

Flinn has previously demonstrated that by the proper 
ancing of carbon, silicon, nickel and molybdenum that | 
ing can be accomplished in the mold. This is the phenon 
that produces acicular iron with such high tensile streng 
this case he adjusted his hardenability by alloying to the } 
where no martensite is formed. An increase in alloy 
course cause martensite to form and thus harden the piece 
knowing the cooling rate of any given casting through | 
and the influence of alloying on the hardenability it ts ent 
of the 


structure. 


possible to adjust the 
either the acicular or 

The authors recommend 
hardening alloyed castings 
heat for hardening. 
modified in many ways to suit 


composition 

martensitic 
a heat-treating procedure t 
This consists of an anne a 
and a temper. This procedure cou! 
individual needs. 


I would like to suggest that the heating for quenchi! 
done in two steps, namely a very slow heat to about II! 
and soak at this temperature until entirely heated thr 


1600 F. o 
furnace | 


transfer to a furnace at 1550 to 
temperature in the 


temperature gradient 


then either 
rapidly to this same 


words, due to there is” just 


chance of cracking a casting during the heating cycle as | 


is during the cooling cycle. The preheating woul 


situation 
AuTuors’ REPLY 


Mr. Ety (Authors’ Written Reply): We are vers 
have received the number of thoughtful discussions 











* Wayne University, Detroit 


metal to pro 


























































































Jominy who developed the 
om which we obtained much of our basi 
ent reemphasizing the importance of the cat 
ce in the tron needs no further amplification 
effect of the original cooling rate, variations 
use some change in combined carbon. If suf 
bon diffusion is allowed at the austenitizing 
variations in initial combined carbon would 
d out during this phase ot the treatment 
examination ot test bar 46-458, which he 
rtormed and appreciable amounts of vw 
yhbserved 
Mr. Jominy’s fundamental approach from the 
of view, and we agree wholeheartedly that 
lata that can be obtained by this method 
nformation trom the hardness measure 
own in Fig. | was c in a drv sand core We 
the specimens in a graphite mold, with its 
tendency would change results more than a 
and mold, for example 
to hear that the air hardenability test bar has 
Development work is currently in progress 
with even slower cooling rates 


nt concerning the dangers of cracking during 


cvcle will TLL 7 
course, will depend ups 
that cing hardet 
Mi Reese's prot 
hardenabilits Sa 
where there are enoug! 
planning ot 
content can 


costs 


Mr. Na 


Jominy specimens were machined trom the 


| 
el Ss correct 


Fig. 1 Ihe bars were not coppel plated prior 


In unalloyed irons graphitization with resu 


free territe was noted at the a cooled end 


quenched ends normally had a matrix of | 


site and retained austenite The addition 


illovs reduced or eliminated the tendency 


the heat treatment cvcl 


For the present studies, the work was confined to « 


most closely ipproximating the majority Of service ippliu rons 


However, it is agreed that additional fundamental knowledg« 
would be obtained from isothermal conditioni: ments sucl 


is proposed by Mr. Nagler 








CONSTRUCTION AND OPERATION OF AN OIL-FIRED 
MALLEABLE IRON HOLDING FURNACE 











By 
F. Coghlin, Jr.* 







{1BSTRACT and oxidizing requirements of the furnace. th 
of the furnace, the foundry metal demand and ; 
currently very important point, availability of 






The paper deals with the design and details of construction 





and operation of an oil-fired holding furnace used in a malleable 












iron duplex system. The refractory layout, the oil burner system fuel. Ihe last item, by reason of acute fuel shortage 
the atmosphere control system, operating methods and data, and is probably a stronge! determining factor now tha; 
some brief comparisons with coal firing of the holding furnaces heretofore, because lack of fuel resulting in a foundry 





are included. All aspects of the system are covered in a manne) 
which avoids ultimate detail of any point, for each phase of 
construction and operation of the unit could be broadened int 
a complete treatise in itself. stant and uninterrupted foundry operation. 







shutdown would indeed be false economy if a hich, 






priced fuel could be readily procured to insure ¢ 







Having gone through a foundry-wide moderniy 






tion plan, including the installation of three me 





WitH THE MANY DEVELOPMENTS in malleable ; 
nized and one semi-mechanized molding unit, 





iron melting processes during the past two decades, 
the problem of what type unit would serve to greatest 
advantage in any given foundry cannot be as easily 
determined as it was when the hand fired camelback 
air furnace was the mainstay of the malleable industry 
During the time straight-line foundry methods wer« 
in their swaddling clothes, foundry operators were 









new sand conditioning units and a new anneali) 





set-up in 1945, the writer’s company was faced with 
the problem of adapting its then present melting 
system to the requirements of the remodeled found 







at a minimum expenditure. 



































usually resigned to the fact that the camelback furnace Foundry Remodeled 
was the logical and only melting medium to be con Water jackets had already been installed and ot! 
. é < < « « < < ol 
sidered, the consequence being that foundries at that hemes bok ten ete en te cupolas to afford 
" 1 : ° ; : ° ° « > « < < « Vi 
time had to be built around the melting unit. | longer melting periods for higher output. The big 
Since then, however, many units, comprising eithe: problems were to increase the holding capacity of t 
a single or a combination of furnaces and for use olf ie Sucmuces ty ehtsin 2 Guten dnt Gael pro. 
a — all ype : fuel, — _ wean = increased and more dependable super-heat of the i 
wi service essentially any ounary proc uction dé : . " 
- Oo g nace, : > gTes arbdol 
mand. ‘Thus, the problem of various types of melting mH _ . — en: yee eee 
—— ' ee . I Shing reduction with greater tonnages but without inc: 
equipment to coincide with any foundry application ing the hearth area, to replace an antiquated 
. . Pe | « « ahs « « « ‘ A ‘ 
has been answered, but in its place are the problems worn out central coal pulverizing system and to p 
what type of melting unit is most suitable for a given wide » Geile tack entes Gat ean adie on 
foundry and what fuel should be used. The answer what the ill effects of fuel qualities and shortage 
Stl an be by simp ‘termin . : E 
to the first question can be found simply determi Inasmuch as a fuel oil heating system, equipped 
ing the desired capacity of the unit, but the fuel prob sath a tees cit tai on super-heating unit } 

, a larg age ; -heating unit 
lem entails much more consideration and planning. previously been installed in the plant it was decid 
This relates especially to the malleable iron reverbera that an economical approach to the problem, at leas 
tory furnace used as a single unit or as a holding from the standpoint of initial cost, would be to inst 

Irn 1 duplexing. . il 
furnace 1 dt plexing ; fuel oil burners on the reverberatory furnaces ané 
In selecting the most desirable fuel for an air fu use the available fuel supply. After determining th 
en : naires paren =. met must be con size and type burners best suited to the installatio 
red: > . . > > re » ° ° . 
i. cree: en =r ry" 7 uc ponte Ph, it was further decided that one burner in additio! 
. st oO re chose i¢ * georTap OCe ( oO . ° . 
the cost of the chosen tuci, the geograpnic location to the indicated number required on the basis 
the plant and its affect on transportation costs, the a straight Btu conversion from past coal consumption 
economy of the utilization of the fuel, the refining figures would be provided. The purpose of the exit 


. ° . ° . : Pp } Ay 
* Metallurgist, Albion Malleable Iron Co., Albion, Mich burner was not to compensate for any expe d da 
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or an increase was expected and obtained 


immer was included to turnish more accu 





ind economical operation of the furnaces 





elimination of the need to ever torce the 














caution against tuel oil shortages, thi 


re mounted on a plate and piped up in 






vhich tacilitates rapid removal ot the oil 


pulverized coa 





d re-installation of the 






ver contains an account ot ou experience 






fired units, and is based on a compilation 





construction, Operating data and observa 


Although 


s a list of the advantages we have gained 





the installation of the system 






cing to fuel oil, it is not the intention of 





to go into detail on the relative merits of 






On 1 basis ol statistics It is quite evident that 





malleable foundries are using oil tor eithe 
Reports from 





ir furnace or duplex melting. 





rs, although favorable in some instances, stil] 





ndicate general dubious results and question 





wceptance of the fuel for use in the reverbera 
ice. However, since the inauguration of oil 


¢ of the holding turnaces at the writer's company, 












rocess has been found very acceptable, and tor 
to the 





supe! 1O} 





purposes and application fai 





ious method of pulverized coal firing. 
Ihe complete duplex melting unit consists of two 
ntical holding furnaces, both having an established 







oaded capacity of 65 tons, and two 84-in. wate) 





ed cupolas lined down to 60 in. in the melting 





[he am furnaces are operated on alternate 


in order to meet increasing foundry pro 





vs. Dut 
tion demands, both cupolas are used for each day's 







Daily production, over a 16-hr. two shift period, 
Peak hourly 
This maxi 





rages between 350 and 375 tons. 






tal demand averages 30 tons per hour. 
m hourly demand, being less than the total pos 
e dual cupola output, enables the operator to main 
na nearly constant metal bath in the holding fur 
during the time the cupolas are in operation 
Chemical analysis of the iron must be held to clos¢ 
specifications due to the nature and size of some of 
production castings and to insure susceptibility 
the metal to the short cycle anneal. Metal tem 
itures at the furnace spout are maintained clos¢ 
» 2900 F 














Furnace Construction 





lhe shell of the reverberatory furnace, of hom« 
design and construction, is the semi-air-cooled bottom 
‘vpe. Originally the furnace was constructed with 
ating buckstays and sidewall sections. Dire results 
this design faulty and made it necessary to 

lien the construction with sunken buckstays and 
dition of several cross members between the 
ill and bottom sections. Internally the shell 
‘96 ft. long and 11 ft. wide. An overhanging plate 
provided at the front of the furnace for oil burner 
ntings. The rear of the furnace adjoins the flue 
from the stack entrance; the entrance being 



















DDSI Te the second turnace { thr Das 


burnace Dbotton pmiates il¢ 


Refractory Construction 





Retractors construction otf the turnace turnishes a 
hearth area of S80 sq. It the completed furnace 
measuring S32 tt. in leneth between the bridge walls 
and 8 tt. 9 in. in width 

The tront bridgewall is laved up trom the bottom 
furnace plate with 9 in. of brick backed up by a 

>in. safety wall and 4 in. of sand. As no combus 
tion chamber is required tor the burners, tour arched 
openings, 1416 in. in diameter and 17 in. deep, directly 
behind the bridgewall, torm simple burner ports 


Sidewalls are 131 in. thick trom the bottom plat 


to the metal line and 9 in. thick above the metal line 
It has been tound that this mode of wall construction 
lends itselt especially well to ow operation IL he 
heavy wall below the metal line provides adequate 
protection against breakouts, whereas the 9-in. wall 


above the metal line, due to taster heat dissipation, 


displays excepuionally good service lik 1 he top ol 
the sidewalls are level and describe a straight line 
forming no bung restrictions the entire length of the 
furnace See Fig. | for sketch of turnace design and 
construction 

\ 9-in sq. test door ts located 10 ft. from the front 
bridgewall and is used tor taking flame temperatures, 
iron samples, observing flame characteristics and for 
making additions to the bath. The slag door is located 
approximately 8 ft. from the rear bridgewall of the 
Neither the slag door nor the test door are 
within 


furnace 
closed during operations. A slight pressure 
the furnace prevents infiltration of air. 

I wo sets of two 114-in. tap out blocks are centered 
10 ft. out from the burnet ports and are directly Oppo 
site the test door. Three of the blocks are laved in 
} in. above the brick bottom for regular tapping. The 
remaining block opening is located at bottom level 
for drainage of the last iron and slag trom the furnace. 

Ihe back bridgewall is built out from the stack 
to form a restriction 56 in. wide and 27 in. high, or, 
in terms of the area, 972 sq. in. The top of the bridge 
wall is level with the front bridgewall, 14 in. from the 
soth bride 


bottom of the furnace at the centerline. 


walls are 21% in. above the metal line when the fun 
nace 1s full to capacity 

\ concave or inverted arch type brick bottom has 
been found very serviceable. The bottom shell of the 
furnace being flat does not lend itself very readily 
to this bottom layup method, but this is partially 
compensated for by a 414-in. safety sub-bottom layed 
in dry on sand to the proper contours. Only on rare 
occasions do conditions necessitate removal of the 
safety sub-bottom. Hence, in addition to being an 
excellent safety factor from the standpoint of a pos 
sible bottom failure, it also makes an ideal and prac 
tically permanent backing for the 9-in. main bottom 

To act as a cushion for expansion and to serve as 
a sealer for the sub-bottom approximately 1 in. of 
sand is placed between the sub and main bottoms. 
Ihe main bottom, Fig. 1, consists of rows of 9-in. brick 


laved in across the sand cushion between the side 
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Fig. 1—Sectional sketch of oil-fired holding furnace. 
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fig. 2—Sectional view of luminous flame external mix 


oil burner. 
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a : scribe a 4-in. inverted arch. Only one 


k is used to key in each course. A slop 






ft. from the back bridge and 1, in. per ft 





ront bridge assures complete drainage ol 





furnace. 






on enters the turnace a short distance out 





iv bridgewall just above the metal line 





rv trough its set in at an angle away from 





~t the furnace to prevent direct flow ol 






il to the lap holes. 





re of conventional design and are made 





ouble row of 9-in. bung arch brick layed 





9-in. frame with a 10-in. spring. Bungs are 





ry 





ictories used in air turnace construction 





pair work are of supe duty quality. Fo 





up, a medium consistency slurry of high 





thermal setting cement has been found 

High operating temperatures and long operat 
ls make the practice of using super duty 
sound 






s a necessity and economically 





Oil Burner Equipment 





s-in. low pressure luminous flame external mix 
rs of 80 gal. per hr. capacity are mounted 
ont burner plate with centers equidistant 


ial view of the burner is shown in Fig. 2 
woper flame impingement for highest possibl 
mperatures above the tap holes and to caus¢ 

of slag the burners are set in at an angle 
om level. The two outside burners are also 


it an angle of 5° to protect the side walls 





direct sweep of the flame. The burner body 
nings are 141% in. in diameter and enter the fw 






i point 7 in. above the metal line and 38 in. 





nd the bridgewall. 
r the first few months of oil burner operation 






in. diameter oil atomizing air orifice was used, 






as found, due to a slight deficiency of com 





tion air, advantageous to increase the size of the 





fice to 114-1in. diameter and use the extra air thus 





ned to supplement the combustion air when neces 






[he oil nozzle has a straight 14-in. bore. 





Combustion air is supplied by a 5200 cu. ft. per 






blower operating at 7-oz. pressure. A fan type 





la blower with a rated capacity of 5100 cu. ft. per 





it 114-lb. pressure is used for atomizing. This 





ie is greatly in excess of the required 680 cu. ft. 





min. at 114-lb. pressure, but some of the super 





us air is used to advantage when critical carbon 





on is required and to augment the combustion 





n necessary. 






Fuel Oil 





No. 6 residual fuel oil of A.P.I. gravity 9-18 and a 
value of approximately 147,000 Btu per gal. 






lor firing the furnace. The oil is stored in 
ted sub-surface 30,000 gal. tanks and is sup 





the burners by means of an insulated recircu 






line. The pumps and super-heater included 






ine provide a constant supply of 170-200 F. oil 





to the burner main. The pressure is reduced 






. at the burners. 








a2 1 











possible dangers that could result 





In view of the 
from an oil supply tailure during operation, several 
precautionary measures have been taken to avert 
trouble. A stand-by steam boiler fired by combination 
gas-oil burners and two extra oil pumps are kept 
ready for operation should the regulal equipment fail 
Solenoid activated safety shut off valves stop oil flow 
to the burners in the event of a power failure. Othe 
safety teatures include by passing all filters, pressure 
regulators and meters. All uninsulated pipe lines have 
drain cocks 

Vhe oil burner controls CONMSISLE Ol idjustabl port 
oil valves, graduated butterfly valves on the atomizing 
air lines and blast gates on the combustion air lines 


Figure 3 is a view of the burner control arrangement 










Fig. 3—Photo shows rear of oil burners and controls 


gauges are included on the individual burner 


o 


Pressure 
oil delivery lines, on the main oil line and on both an 
manifolds. An oil line thermometer is located in the 
main distribution line a short distance from. the 
burners. Oil consumption is indicated by a simpl 
displacement meter which can be used tor determin 
ing consumption pel hour, consumption per ton as 
well as total oil consumption. Burner pilots are ol 


the ordinary gas fired type 


Furnace Atmosphere Control 


During early experiments with oil it was found that 
furnace atmosphere control could not only be used to 
good advantage but ts actually a requisite to efhcient 
operation of the furnace and proper control of the 
metal bath. The instrument used, as shown in Fig. 4, 
is a differential type indicator and recorder which 
gives constant CO, percentages of the discharged fur 
nace gases. The gases are drawn in through a high 
alloy water-cooled sampling tube, the end of which 
protrudes into the furnace to a point 4 in. below the 
bung line and directly above the center of the back 
bridgewall lo avert actual drawine in of burning 
eases, the sample tube 1s mounted at a slight anel 
away from the path of the flames. A cooling condenser 
and filter are in the line between the sample tube 
and the CO, instrument to remove condensation and 
particles of foreign matter. Figure 5 displays layout 


ot entire system. 




























Fig. 4—Differential type CO, indicator and 


~_ 


used for atmosbhere control of thre (olding 
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In operation the CO, analyzer is sim) 
iwccurate. Lhe accuracy ot the machine 

gular intervals against Orsat analyses. ( 
«casions have any major discrepancies 
these wert apparent trom mere observa 

sorting to the use of the Orsat 

Ihrough experience with the CO, a: 
the establishment of operating standards 
yperators are able to create practically 
xidizing or reducing atmosphere to prod 
itects on the bath of molten metal. The « 
n Fig. 6 giving the percentage of excess 
igainst CO,, CO, O, and C analysis is tl 
the established standards for atmosphere c 
ise of the chart the operator is able to 
tairly accurately the CO, O, and C percent 
the indicated CO, analysis. Evaluation of tl 
in terms of its effect on the chemistry of 
makes possible intelligent regulation ot 
} 


Standard operating procedures have be: 


y simple computation of excess air requir 


supply oxygen for oxidation of carbon and t! 


int but usually undesirable oxidation of n 


silicon and iron. This of course is in additix 


xcess air required by the fuel depending 
] ; 


combustion characteristics 
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Furnace Operation sis of the common control elements carbon, silicon 


and manganese is started and continued throughout 






Melting operations are regulated closely to coincide 
foundry shift schedules. Since the foundry oper 
ma two-shift 16-hr. schedule the melting depart 





the entire heat. Any required adjustments in the 





chemistry of the iron are made by ferro-alloy addi 






tions to the furnace or by manipulation of the furnace 






ust operate on a three-shilt 24-hr. schedule 
atmosphere as the bath approaches full capacity 


During the filling of the furnace and throughout 
the entire heat the CO, analyzer serves ‘ts essential 






ino the non-productive time fol cupola main 






ince, furnace preheat, starting and tapping the 





cupola and to build up and adjust the chemistry 





purpose in guiding furnace operation. If an oxidizing 





furnace bath. 





atmosphere is required the air is increased, the oil 





















[he oil furnace is started for preheat i hr. betore is decreased, or both, until the desired atmosphere 
ping the first cupola. To prevent spalling of retra« indicated by the instrument and based on previously 
ies, heavy firing is avoided until the furnace has mentioned standards is obtained. Conversely, a redu 
under fire for approximately | hr. The remain ing atmosphere can be created by increasing the oil 
ig 9 hr. is ample time to attain the standard operat reducing the air or both. All burner adjustments ar: 
temperature of approximately 3200 F at the test made with due regard to the maintenance of furnac 
r. Temperature at the slag door will average clos« and metal t mperature 

00 F. Due to close time requirements necessitating Following the furnace tap-out, and as the trend of 
filling of the furnace, together with over daily production demand is established, the cupolas 

ting the furnace, little divergence from stand are operated at an output rate calculated to preserve 
nperature requirements can be tolerated if a bath of approximately 50 tons during the first 10 hn 

. metal temperature is to be obtained. Since ot production. Consistent with the repall schedule 
7 tallation of oil firing, however, little difficulty a single upola 1S used to supply iron tor the last 6 hr 
been experienced in obtaining or maintaining of the second shift. This practice serves very well to 
mperatures. eraduaily diminish the furnace bath without altering 

As bath increases to approximately 30 per cent cupola operations until the second cupola is dropped 






or 20 tons, repeating 30-min. chemical analy The large hourly turn-over of iron in a furnace of 











924 





Side view of one holding furnace showing position of 


tap holes and burner mounting end plate. 


such greatly deficient hearth area has proven to be 
ho problem with oil hiring. Carbon control, as ex 
plained in a preceding paragraph, is very effective 
even at periods of highest cupola output and highest 
foundry demand. A cupola output of 30 tons per hou 
containing an average of 2.55 carbon can consistently 
be reduced to 2.35. Table 1 shows the average oxida 
tion losses and other pertinent data tor a_ l-week 
period. Furnace silicon and manganese analyses are 
not greatly altered except during periods requiring 


a very oxidizing furnace atmosphere In these in 
stances, silicon losses of over 3 points or manganes« 
losses of over 6 points have not been experienced 
Sulphur pick-up has been prevented through caretul 
control of the selection and analysis of the fuel oil. 
Furnace slag is kept to a minimum until both cupolas 
have been dropped as an aid to the action of a desired 
oxidizing or reducing atmosphere on the chemistry of 
the iron. Afier cupola operations have cea:ed, slag 
is allowed to build up on the bath somewhat fo1 pro 
tection against too great a loss of carbon, Furnace 
atmospheres must be very carefully controiied during 
this period and should be reduc ing. 
Metal temperatures are taken at 1-hr. intervals at 
the furnace spout by means of an optical pyrometer. 
Ihe wide range of casting sizes and the various dis 
tances the iron has to be carried to the foundry pout 
ing stations necessitates a metal temperature of not 
less than 2900 F and preferably closer to 2920 F. Inas 
much as the cupola iron temperature averages 2770 
2800 F, the furnace must accomplish a temperature 
increase of at least 100-130 F. 


formly successful attainment of suficient carbon re 


Similar to the uni 


duction with oil firing, temperature requirements can 


also be easily and consistently met 





Fuel Consumption 


Fuel oil consumption for an iron tonnage output 
of $50 tons ranges between 165-200 gal. per hr. These 
figures represent an average hourly consumption, in 


cluding oil used for preheating and for firing down 
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the turnace. 





This is equivalent to bety 








gal. of oil per ton ol iron processed 






found, when operating the furnace for twe 






days, that consumption drops as low as || 






due to the elimination of preheat firing fo 






day ol operation. 







Refractory Consumption 








» 
Retractory consumption averages one 9-; 





equivalent per ton of iron through the 





Front furnace side walls approach a se 







three weeks which represents 216 firing h i 





sections of the sidewalls sometimes doubl: 






lite but on the average stand up for fiv: ks 





51 firing hours. The front bridgewall a: 





openings are usually replaced every six to ci 





Present construction of the back brid va 





Ort 
an 





tates greater repair than would be require: 








tural changes of the flue openings were made. R 





ment of the entire bridge face is required 







weeks. Lap-out blocks are replaced every tl 





Lhe blocks in most instances would give rv 






vice for five heats, but due to the heavy tom 





through the blocks and the extreme depth of 





bath it has been found, from the standpoint 





desirable to change them after three heats 






Ihe subject of furnace bottoms is often dis¢ 





in terms of the iron tonnages passed over the bot 





This figure is interesting, but in the writer's opi 






provides little information relating to the qualit 





a bottom for comparison or control figures. For 





reason, bottom life and all refractory consumptior 





our plant is computed on the basis of total ho 






under fire. 





Using this system average bottom s 





life is 500 firing hours, the highest ever obta 





being over 900 hours and the lowest 297 hours 






\lthough any comparison of coal and oil firin 





been omitted in the foregoing contents of this p 













. . ons 

the writer has listed below the advantages recogni , 
; Less 

at the author’s company since the conversion fi r 
° ° 11S 

pulverized coal to oil firing. It is to be pointed ul 
ritect 
con 
Oil 1 
ran i 
ng tu 
ery eff 





coniron 




















Oil burner layout disclosing atomizing air ( 






ducts. 
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HOLDING FURNACE OXIDATION LOssES BASED ON AVERAGE 





DaiLy ANALYsiIs OF 5 CONSECUTIVE HEATS 








Carbon Silicon 





pola Furnace Oxidation Furnace 





Cupola 





on lron Loss Iron lron 


















» 2 33 0.21 1.66 1.65 

2.33 0.18 1.62 1.59 
60 2 37 0.23 1.60 1.60 
7 » 3] 0.26 1.63 1.65 





1.67 1.64 





Oxidation 











Max. Hourly 
Manganese Aver Metal 
Cupola Furnace Oxidation Bath lL urnove 











Loss lron lron Loss lons lons 
0.01 0.62 0.57 0.05 0) 0 
0.05 0.62 0.57 0.05 ah) 0 
0.00 0.57 0.50 0.01 Th 26 
0.00 O54 0.56 0o.0% ( 0) 
O.08 0.60 O56 0.04 a ? 











sized that the advantages gained by this 





n resorting to fuel oil firing would not 





be realized in other installations. 





del pre paration costs 





il pulverizet operators were required pel 





il drying, pulverizing and blowing. On 





now required to operate the steam boilei 





imps per shift for the furnace oil supply. 





iel costs 






is due primarily to greater efhciency of fuel 





ition. Computing this improvement on the basis 







straight Btu conversion trom coal consumption 
‘ the old system the efhciency has been in 
sed proximately 20 per cent. 





efractory and refractory maintenance costs 





refractory life has been markedly improved. 





Greater control of heating rate to prevent spalling, 






ision due to absence of ash and controlled 





ire the principal reasons for this improvement 





ractory life. 






f ty to hold greater furnace tonnages 






\ 65-ton bath is now possible without adversely 
With coal. firing 45 





ting temperature or control. 





swas the maximum allowable tonnage on the same 





atTCa 





f ed iron analysis control through atmosphere 








Exacting control of air and oil proportions based 





onstant atmosphere analysis makes this possible. 





Less maintenance of fuel supply equipment 





This is due to less and simpler machinery. 






). More uniform operation 





titected primarily through simpler and more exact 






g control of the fuel input. 

















Control 
Oil is generally known to be a very acceptable fuel 


As a hold 


lurnace heating medium, it has proven to be a 


ran i 


creasing number of applications. 


ery efhcient answer to the melting problem which 
mironted the author’s company two years ago. It is 
let that with further use and development of the 
equipment many more advantages of utilization will 


recognized and put to gainful purposes. 


DISCUSSION 


























W D. McMirtan, McCormick Works, Inte 
Harvester Co., Chicago 
{ mar W. B. McFerrin, Electro Metallurgical Co 
T tr 
Mu [uLey (Written Discussion)’: The author is to be 
gr ted on an excellent presentation of the construction 


on of an oil fired malleable iron holding furnace 





recommended to anyone contemplating such a piece 





nt. It is especially interesting to note that the author 











lalleable and Steel ¢ tings C« Cleveland, Ohi 





has found the gas analvzer to be of unquestioned vneht im 


control work as this point has been at issue heretofore when 


so many times the opinion has been that theoretically the gas 
analysis should be helpful while practica has m een 
proven by experienced operators 

With regard to the value of oil as a fue t eon the 
writers experience that, if oil fuel is not a necessity to obtain 
a metal suitable for the foundry, the choice is mere 1 matter 
of economics. It appears trom the paper that the « fuel was 
a necessity to obtain the results desired, mainly due to the ratio 
of holding furnace bath surface to the dept! Lhat is, the rate 


ot removal ot carbon by coal tlame was so low | 
of the cupola metal had to be kept low necessitating a low coke 
ratio which in turn resulted in a low cupola metal temperature 


With a relatively low temperature metal entering the holding 


furnace the time available to raise the metal to the relatively 


j 


high pouring temperature demanded by the pouring technique 


was insufhcient. By the use of oil, the difficulty was overcome 
by raising the temperature of the incoming metal Ihe higher 
carbon resulting from the higher temperature is reduced to the 
desired level by the greater rate of oxidation by the oil flame 
In assessing the value of this idea, I am handicapped by not 
knowing the coke ratio, rate of melt and temperature of the 
cupola metal during the two periods of operating using coal 


and oil; and any change in preheated air in both melting units 


From the author's description of the operations it appears 
that the deep bath is imposed by the time for cupola repair 
problem and the high holding furnace metal tapping tempera 
ture by the loss in temperature between tapping and pouring 

It is unfortunate that this is so because the necessity for 
producing such high temperatures in a holding furnace of that 
type imposes a heavy burden on the operators. [They are operat 


ing on the maximum with no deviation upwards instead 


a more comfortable middle range having a standard deviation 


to take care of unavoidable fluctuations 

One thing one may do is stagger the tap holes so that the 
metal could be drawing off with the upper holes when the fur 
nace is full and tap with progressively lower holes as the metal 
level falls 

An obvious method of improving the situation is to widen 
the furnace, but in all probability the set-up is such as in most 
foundries, that it would be an impractical major change \nother 
is to install larger cupolas 

These suggestions on changes in technique are advanced 
because it appears that the problem of obtaining the high 
tapping temperatures is unnecessarily difficult 

The control of metal temperature is so fundamental in 
foundry economics that no liberties should be taken in setting 
up the melting technique 

R. P. ScHAUss 


sented an able discussion of the construction and operation of 


Written Discussion Mr. Coghlin has pre 
an oil fired malleable iron holding furnace 

From the data of Fig. 7 we find that an average carbon drop 
of 22 points from cupola to air furnace has been obtained. In 
view of the limited hearth area and the melting rate. this is 
certainly well above anv reduction in carbon which could be 
attained with pulverized coal fired equipment The use of the 
carbon dioxide recorder in this system is a further indication 
of the progress which has been made in the operation of mal 


leable air furnaces 


| After vou changed from coal fired to oil fired furnaces 
did you get any change in the elongation and tensile strength 
of your iron for comparable carbon contents 

2. What charge do you use for your cupola? Are vou using 
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northern or southern coke 


3. Is it possible, as is the case with coal fired furnaces 
obtain any carbon pick-up in a clean bath by firing witl 
heavy reducing flame? 

MILTON TILLEY Ihe kind ot tuel used depends large 
on the reduction of carbon which is a function of bath are 
in the furnace compared to the depth of the bath. The author 
in the paper has a two hours’ or more bath in the furnace h¢ 
speaks of This lends itself readily to oil firing because oil 
will burn out carbon more readily than coal. You must be 
prepared to have a fairly deep bath compared to the surface 
irea on that account 

We used oil at one time and had about one hour's worth of 
metal in the furnace and we burned out twice as much carbor 
as the author did on that account. The surface area was much 
greater compared to the depth which necessitated a higher 


carbon in the cupola. Sometimes that is convenient when we 


cannot ect a low-carbon coke. You can utilize northern cokes 
which produce a higher carbon 

So the use of oil as against pulveriz-d coal is connected with 
the carbon that you want to ge out of your cupola as com 
pared to the carbon you want ': get out of your furnace The 
cCCcOnOomMS would be pretty mtuct onnectcd wit the price ot 


the two fuels 

I would like to ask the author whether he tapped nearer th: 
surface of the metal or whether he staggered the tap holes so 
as to tap off the higher metal nearer the surface of the bath 
and progressively lower tapped as the furnace went down 
towards the end of the day. You would have to be careful 
about having too deep a bath *f you are going to tap out 
near the bottom. You would not have hot metal near the 
bottem of your furnace, with either oil or coal firing 

he author made mention o! the square e.ud to the furnace 
near the bridge wall and that he did not like this design 
When operating near the peat efficiency «f the fuel, it is 
necessary to utilize all the fine points of heut transfer from 
the flame to the metal and one of those points is an even 
flow of the products of combustion. A square end on the end 


of the furnace interrupts that even flow. Anybody contem 
plating building a furnace should take that into consideration 
and not introduce an interruption to the even flow such as 


the author has on the end of that furnace 

MR, CocHLINn: IT did not explain the first point mentioned by 
Mr. Tilley too well in the paper. We do stagger our tap-out 
block from high to low. We use the bottom tap-out blocks 
solely ior draining the furnace and for eliminating what slag 
we can at the end of the heat 

I have a question from Mr. Wurscher in which he asks what 
my reason was for objecting to the floating buckstavs. Wher 
I discussed floating buckstays I had reference solely to the 
floating buckstays we have on the furnaces at our plant. We 
found it necessary to stiffen them up with 120-Ib rails sunker 
in the floor. It was also necessary to add some cross members 
I do believe, however, that if a furnace can be built which 
will allow free expansion only to the extent that it prevents 
actual crushing of the brick, it will be approaching the ideal 
set up 

F. J. Wurscuer:* T would like to know what the actual 
difficulties were: whether or not the floating design of the 
furnace was conducive to reducing the length of life of the 
brick bottom 

Mr, Cocuiin: Only through actual failure of the bottom 
the steel buckstays were not strong enough to take the ex- 
pansion, so actually we would get the same effect as a cork 
coming up out of a bottle. The sidewalls would start to move 
out after a certain amount of expansion of the brick, and 
then, if the bricks reached the softening point all the way 
through we would lose the bottom. We went through an 
epidemic of this lasting about two weeks and finally found 
it necessary to stiffen up the construction. Since that time, 
we have had amazingly good results with our bottoms. But, 


it was only our own design that TI was obiectine to 

Mr. Cocuitrn In reply to Mr. Schauss’ written discussion 
there was no noticeable change in the mechanical properties 
when the change from coal firing to oil firing was made. We 
are using northern coke as a fuel. It is very definitely possible 
to pick up carbon on a clean bath of iron with the oil firing 
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We accomplish this by 
maintain at all times an 
2900 F and about 3200 
bath we can acc omplish 
equired, through a redi 
Mr, ScHAUM: For wh 
ducing atmosphere in « 
Mr, (COGHLIN: We ca 
phere for a considerable 
fecting the metal tempe 
ng flame for 3 or 4 hr 
pick up required. A 
nowever, be¢ ause we ral 
time we would encounte 
new bottom or through 


W. R. JAESCHKE:* I t 


ALLEABLE IRON HoLp 


ising a reducing flan 
operating temperature 
F flame temperature 


a great deal of carbon 
icing atmospher n the 
it length of time do vo 
ttect? 


n maintain a strongly ; 
length of time without 
rature. We can operate 
depending upon the am 
t-hr period would be tl 
ely want to pick up carb 
r low carbon analvsis w 
some other irregularity 
hink if you go into the | 


ob, you will find that the author did not design 


‘quipment as he is op 
nherited an unbalanced 


erating it "now. In othe: 
set of conditions and four 


for his problem by resorting to oil firing. An 
not think, can be covered any more clearly than M 
1 discussion. If you consid 


covered it in his writter 


points, it is really a matter of economics, and in 
1uthor took an unbalanced set of conditions and wit! 


he was able to get the 
Mr, COGHLIN: That a 


inbalanced set of conditions. 


results he required 
ll depends upon what you 


lent in malleable iron foundries years ago and ws 


is standard conditions, 
garded as an unbalance 
hanging, so I would 
standard set of conditio 

Mr, JAESCHKE: The ¢ 
it hand. I mean, with 
hearth area to depth of 


any deviation from whi 
ed set of conditions, ar 
like to know what you 
ns? 

onditions are unbalanced 


pulverized coal firing, y 


bath, melting rate and ton: 


furnace was out of balance for pulverized coal firir 
found the solution to that through swinging to o 


probably an expense of 


reased fuel costs. In other words, if you were goi: 


the job new today, we 
would you build it pro 


quite a few dollars pe 


muuld you build it as you 


perly for a lower priced { 


Mr. Cocuttn: I believe we would build it as we 


day because we are actually saving money on fue 


W. R. Bean: * A galle 
coal have ipproximately 
the 


of from 120 to 150 Ib of 


amount of oil used would be approximately 


yn of fuel oil and 10 lb of 
the same heat value. O 
th 


coal per ton. This 12 to 


$ approximately equivalent in heat value to 120 
s more than is required for 
nt that is installed with reg 


coal That much coal i 
duplexing with equipm 
fundamentals of air furt 

Mr. COGHLIN A Bru 
14.5 gal of No. 6 fuel 


lace Operation and air furr 


studv reveals that with 


oil we are consuming ap} 


2,100,000 Btu’s per ton of iron. With coal, we we 


a maximum 45-ton bath 
is equivalent to about 


approximately 230 Ib per 
3,200,000 Btu input. This 


creat increase in efficiency of fuel utilization 


Mr. Bean: That, I th 
isked by Mr. Jaeschke 


condition for pulverized coal. 


station pulverizing plant 
°0’s. The conditions ur 


ink, goes back to the origi 


} 


I: 


You did not have a norma 


which was installed back 


ider which you were using 


far from normal for air furnace operating, duplexit 


melting. At the time th 
duplex melting, the « 


at you changed from direct 


entral station plant had 


ibandoned, that is, of the type of operation whi 
t 


so that in making a ec 
account the factors inhe 


ymparison, it is necessary 


‘rent in the fundamental |! 


verized coal-fired duplexing 


CHAIRMAN McMILLAN 
refer to the compositior 


Does the per cent cat 
1 of the metal? 


Mr. Cocuuin: No, it does not 


CHAIRMAN McMILLAN 
amount of soot in the 


Does the carbon curve 


gas? 


Mr. Cocnutum: That is right 


CHAIRMAN McMILLAN: 
ind COoO,? 
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The conditions that wer 
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our point 
Situated in 
vases 

ve passed 
under 


rougn t ‘ nm dupiern 


lirect-firin 
experience ha 
furnace, we ran about 10 ga 
melted When we changed to ol 
coal That is just 10 times according 


14.000 Btu/lb coal, 140,000 Btu /g 


you are running at 
probably accounts tor 
consumption figures 
comment, I think he broug!l ome 
can not compare coal fir 
coal firing we had, nor can we com 
ri fuel consumption ficures alone 
lish to trv to do so oe merels 
tages that ' lid vain 


stem o our present hiring 


confused with what we might ha 








SURFACE GAS PRESSURE OF MOLDING 
SANDS AND CORES 


By 










H. W. Dietert*, H. H. Fairfield*, F. S. Brewster 





IBSTRACI sand rammer unit as illustrated in Fig. | wi 


) 


drops of a 7-lb. weight falling 254 in. Within 






lhe gas pressure within a core or moiding sand specime? . 2 . O D 

f zs ; , . ’ ] 3 ) 

li, in. in dia. by 3 in. in length was determined by ramming specimen 1s located a j~1N. UY. X 1 671N. lI 
a gin inside diameter brass tube within the core The tube tube. This tube reaches within 1% In. ol the na 






extended to 1 in. of the surface of the core or sand Thus, the the sand or core specimen. I he cross-sectiona 


~ 








) l , ti t/ ” ”r sand . , 
gas pressure e tn. from ie Outer surtace of lie core ¢ anc of the ramming assembly is shown in Fig > Ad 
could be measured 1 sensiltve diaphragm type pressure gauge 
calibrated from 0 to 50 in. of water pressure was used The core 






and molding sand specimens tested were immersed in a molter 
lead bath held at 1200 F This type of bath was used in place 


of a molten metal held in a ladle because it could be controllec 






/ 








more easily 4s may be expected, the gas pressure was found 
to increase as the moisture, seacoal, oil or cereal content was 
increased. Extremely high mold hardness also increased gas 





pre SSuTré 
The effect of baking time on core gas pressure was also shown 
The gas pressure test seems to offer a simple technique for 


measuring an important property of sand mixtures 





Introduction 








IN COMPOUNDING MOLDING SAND or core MIX 
tures, consideration should be given to the gas pressur¢ 
that will be created by the vaporization and combus 
tion of materials in the sand or core due to the heat 
of the molten and solidifying metal. The gas pressure 
permissible at the surface of a green or dry sand mold 
or core is predicated to a large extent by the ferro 
static pressure and chemical activity of the molten 






metal. At present, the permissible gas pressure allow 
able must be determined by the trial and error method 
in the toundry. Progress may be best made in this 







held when equipment is at hand to measure the gas 






pressure produced by each sand or core mixture undet 






standardized conditions. Knowing the gas pressure 
of selected sand or core mixtures will soon lead to 






definite iniormation concerning permissible gas pres 






S &* 


sure providing gas pressure readings as compared with 






foundry casting results. “This paper describes a test 





procedure lor measuring gas pressure and some of the 






results obtained. 







Method Described 







Ihe test specimen selected measures 11 in. in dia. 





and 3 in. in length. It is rammed with the 114-in. 





Fig. I1—Sand rammer for forming 114-0) 


specimens. 





* President, Foundry Consultant, Sales Manager respectively 
of the Harry W. Dietert Company 
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2—Method of ramming gas pressure specimens 
114 in. x 3 IN. Fig. 4—Portable gas pressure determinator. 
Fig. 3—Detail of gas pressure brass tube. _ 
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0 
ot the 1,-in. O.D. brass tube that is rammed in the 
specimen is shown in Fig. 3. The rammed sand on 


core specimen is removed trom the specimen tube by 
a stripping operation. In order to prevent sand from 
entering the brass tube, a 1¢-in. brass rod is placed 


This rod 
lL here 


in the tube while the specimen is rammed. 
is removed alter the stripping operation. is no 


Lhe 


exposed end of the brass tube is attached to a pressure 


sand in the brass tube when the test is performed. 


gauge reading in inches of water. A_ portable gas 


pressure determinator is shown in Fig. 4. This unit 
is of such length that the specimen may be inserted 
ladle. Anothet 


measuring unit which is simple 


into molten metal held in a foundry 


form of gas pressure 


is illustrated in Fig. 5. ‘he laboratory gas pressure 


determinator, Fig. 5, uses a molten lead bath held at 
1200 F, 


pressure test results given in this report were obtained 


into which the specimen is inserted. All gas 


by immersing the test specimen in molten lead at a 
temperature of 1200 F. The portable gas determinator 
may also be employed with a molten lead bath to heat 


the specimen. 





7 RUBBER TUBING 
































GAS PRESSURE TEST 























Fig. 5—Laboratory gas pressure determinator. 
The molten lead bath method allows for a good 


laboratory method and has the advantage that high 
gas pressure sand or core mixtures may be tested with- 
out incurring boiling of metal around the specimen 
as may be the case when lighter metals are used. The 
lead bath method allows for easy standardization of 
metal temperatures. 

The rammed sand or core specimen is inserted into 
the molten metal bath either in the green, dried or 
baked condition as desired, to within 14 in. of the 
upper end. A tolerance of 4 in. will not incur any 
error of practical significance. 

Core specimens used in this investigation were 
baked at 425 F for 1 hr. in a core test baking oven. 
In most cases five readings were made on every mix- 

ire tested. The maximum pressure was observed and 





SURFACE GAS PRESSURE OF MOLDING SANI ( 
ecorded. Lhe time in seconds required 
maximum gas pressure was also recorded 


L he 


be expected to eflect maximum pressure ob 


condensation of moisture in the 1 


gas measuring system, howeve) 


pressure 
closed tube, and there is no flow ot gases 1 
tube or through the gas pressure meter. 


period ot about 30 to 50 sec. It is 


maximum gas pressure was obtains 
assur 
first surge of gas or steam heats the tube to 
ture in excess of 220 F and torms a vapor-lock 
vas generated alter that exerts a considera! 
but does not condense because the tube is 4} 
It was observed that only the first \ 


Ihe upper part of the meas 


heated up. 
of the tube heated up. 
ing device never became warm. Condensation was 
observed in the upper end of the gas measuring ¢ 
after continuous use for several hours. 

From the observations made, it was con luded | 
the steam formed remained in the brass tubs 
extended through the sand specimen and 5 in, al 
it. This brass tube was heated hot enough so | 
condensation did not occur. 


Sand and Core Composition Studied 


In the interest of simplification, only on 
molding sand, No. 3 Albany, was used in this inves 
gation, varying such items as moisture, seacoal cont 
and mold hardness. 

Equal parts of Manistee Dune Sand and Jw 
Bank Sand both produced in Michigan were used t 
form the 
content were 


basic core sand. The core oil and cerea 
varied in the core sand mixture to s| 
how gas pressure of the core was effected. The deg 
of baking was also varied. 

A series of five core sand mixtures ranging fro 
11 to 510 baked permeability was used in this invest 


gation to show how gas pressure changes with 


i) 





meabilitv. 
TABLE ]1—EFFeECT OF MOISTURE PERCENTAGE IN Ni 
ALBANY SAND ON GAS PRESSURE 
Percentage Moisture 0 6 
Mold Hardness 90 87 
Green Permeability 37.5 f 
Green Compression, psi 12.0 
Green Deformation, in./in ; 0.019 re 
Flowability ; 73 7 
Max. Gas Pressure, In. of Water 3.8 16.5 
4.1 16.5 17 
4.5 16.0 174 
4.9 15.7 195 
15.9 
Average 4.3 16.1 18 
Time in Sec. to reach Max. 
Gas Pressure 41 28 
40 27 $8 
99 %6 
$2 35 
°6 
Average 40.5 28 5 
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ffect of Moisture on Gas Pressure 


ntion has been given to moisture control 
sand and justly so. Appreciating the fact 
re in sand creates a large amount ol gas, 

be interested in knowning how much gas 
inches of water is created for each per- 

vater added to the sand. Test data is tabu- 

ible 1 showing the physical properties of 
No \lbany Sand and the gas pressures in inches 
moisture percentages of 0, 6 and 9. In the 
dried sand specimen, a time of 40.5 sec. 
sed fore maximum pressure of 4.3 in. was 
ile for the 6 pel cent moisture specimen, 

is only 28 sec. to create 20.5 in. of pressure. 

The moisture in the dried sand specimen is largely 
bit ind therefore is liberated slowly. Gas pres 


is also created by expansion of air in the sand 
[he gas pressure created for 0, 6 and 9 percentage 
re is shown by graph in Fig. 6. Note the 

nid 1 ot gas pressure as moisture content is 


FEFECT OF MOISTURE 
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ON GAS PRESSURE 
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Fig. 6—Effect of moisture on gas pressure. 


Seacoal Additions Increase Gas Pressure 


\ portion of the facing value of seacoal in molding 
ind is undoubtedly due to the gas pressure that the 
coal creates. The gas pressure may at times play 
ry important part in preventing metal penetra- 
by preventing metal flowing into the voids in the 
dtace. The magnitude of the gas pressure created 
seacoal additions to a No. 3 Albany Sand is tabu- 
1 in Table 2. 
\lbany Sand is 4.3 in. water pressure. When 

t seacoal is added, the gas pressure increases 
-U.o in. of water. The time required to reach the 
‘imum gas pressure is not affected. When 10 per 
eacoal is added, the gas pressure reaches an 

rage of 29.9 in. of water. This amount of gas pres- 
seems to slow up heat-travel into the sand speci- 


The average gas pressure of the 


men since 96.7 sec. on the average is required tor gas 
pressure to reach the maximum value 

A graphical presentation of how seacoal additions 
to No. 5 Albany Sand affect the 


in Fig 


gas pressure 1s shown 


INS. WATER] 
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Fig. 7—Effect of seacoal content on gas pressure 
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TABLE 2—Errecr OF SEACOAL CONTENT ON GAS PRES 
SURE OF No. 3 ALBANY MOLDING SAND 





Percentage Seacoal 0 5 10 
Moisture, per cent 5.9 6.0 6.4 
Green Compression, psi 12.0 12.15 11.6 
Green Deformation, in./in 0.019 0.017 0.0179 
Green Permeability 37 5 22 19.25 
Flowability 73 69 70 
Max. Gas Pressure, In. of Water 3.8 19 30.5 
+.1 91.6 0) 
+5 °0.6 30 
1.9 20.5 29.2 
9] Jl 
Average 1.3 90.5 999 
Time in Sec. to Reach Max 
Gas Pressure 41 2 95 
10 40 100 
1) 97 
14 95 
+] 
Average 10.5 10.1 96.7 
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Ramming Affects Gas Pressure 


Data pertaining to the effect of mold hardness on 
the gas pressure is tabulated in Table 3. A graphical 
illustration is shown in Fig. 8. It may be noted that 
as the mold hardness is increased trom 60 to 96, the 
time required to create Maximum gas pressure is con 
siderably increased trom 12 to 31 sec. This is tor 
tunate in that it makes this particular sand fairly fool 
prool as to the degree of ramming. The longer it 
requires to reach maximum gas pressure, the less likeli 
hood of experiencing blows. A rapid rise in gas pres 
sure was found when mold hardness was increased 
from 90 to 96. In this range, the gas passages in the 


sand were undoubtedly too small for free passage of 
































Paste 3—Errecr oF Motp HARDNESS ON GAS PRESSURI 
oF No. 3 ALBANY MOLDING SAND 
Mold Hardness 60 78 90 96 
Moisture, per cent 5.9 5.9 6.0 
Green Compression, psi 3.3 12.0 28.5 
Green Permeability 120 $7.5 17 
Max. Gas Pressure 
In. of Water 15 13.3 12.8 19.3 
15 13.2 13.2 20.4 
13.4 14 19.3 
Average 15 13.3 13.3 19.6 
Time in Sec. to Reach 
Max. Gas Pressure 12 16 21 37 
16 20 28 
16 21 28 
Average 12 16 20.6 31 
EFFECT OF MOLD HARDNESS 
ON GAS PRESSURE 
MOLDING SAND 
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MOLD HARONESS 


Fig. 8—Effect of mold hardness on gas pressure. 
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the gas volume created. The phenomena 


sure reduction when mold hardness 


from 60 to 90 was unexpected. 


Core Oil Increases Gas Pressurs« 


The quantity of core oil binder adde 
mixture largely predetermines the amount 
ume produced in a core, providing other 
identical, 
to increase as the quantity of oil is increased, | 


Thus, the gas pressure may be ey, 


is substantiated by test data as shown in J 
Fig. 9. 





TABLE 4—EFFECT OF O1L CONTENT ON GaAs Press 
OF A Core MIXTURE 
Core Mixture No l 
Raw Linseed Oil, Ib 20 
Manistee Sand, Ib 1000 
Juniata Sand, Ib 1000 
Water, Ib 40) 
Baking Temperature, I 425 
Baking Time, hr l 
Baked Permeability 90 
Max. Gas Pressure, In. of Water 1.0 
1.0 9 
1.3 
1.5 
1.2 2 
Average 12 
Time in Sec. to Reach Max. Gas Pressure 4] 
40 
44 
40 7 
40 
Average t] 





Cereal Binder Increases Gas Pressure 


Most binders for cores increase the volume of t! 
gas generated, thereby increasing the gas pressu’ 
when the core is heated by the molten metal. It is of 
practical value for foundrymen to study the gas pres 
sure created by various additions of each binder th 
may be of use in his core room. 

The rate at which the additions of a cereal bindet 
corn base, increases the gas pressure is shown graph 
ally in Fig. 10. The test data is tabulated in Table) 
The core containing 2 per cent oil binder and m 
cereal showed a gas pressure of 1.9 in. of water whet 
immersed in a lead bath at 1200 F. An addition of 
0.5 per cent cereal increased the gas pressure to 
and to 4.7 when 1.5 cereal was added. 


Permeability 


Baked permeability provides an index of gas pi 


sure, only if binder content and method of baking! 
held constant. 
Figure 11 shows the general relationship betwee! 


permeability and gas pressure. In these experiment 


the amount of binder was held constant. [n acta 
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EFFECT OF CORE OIL 
ON GAS PRESSURE 
OF A CORE 


GAS PRESSURE [ INS.WATER] 


PERCENTAGE OF CEREAL 


10 Effect of cereal content on 


PERCENTAGE OF OIL 
Effect of core oil on gas pressure. 


EFFECT OF BAKING 


EFFECT OF PERMEABILITY 
ON CORE GAS PRESSURE 


ON CORE GAS PRESS 


CORE MIXTURE 
100 MESH SILICA SAND 865 
SILICAFLOUR 0.0 
RAW LINSEEL O'FL 
CEREAL FLOUR ” 
WATER AODEO 3 








GAS PRESSURE IN [INS. WATER] 





90 100 110 120 





40 60 80100 200 400. 600 1000 2000 
BAKING TIME=MINUTES—AT 425 F 
PERMEABILITY 


11—Effect of permeability on gas pressure. Fig. 12—Effect of baking time on gas pressure of a core. 
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finer sands would test cores Gave 


See Lable 6 
used, a permeability of 170 will 


foundry the require a the 





practice, a pressure 
was reduced to about 
70 min. at 425 F. See Fig. 12 
I he the 


core baking practices in the four 


pressure 


vreater amount ot binder. 
kor the test 


reduce gas pressure 


core tol 


to a minimum value data use ol 


suggests 


Baking Time Affects Gas Pressure ; 
Conclusions 


Ihe gas pressure test proved to be usetul in measu 


Under the conditions of test, 





ing the progress of baking. After 10 min. at 425 F, . 
lead bath, the tollowing conclusions are dr; 
: \n increase in the amount of water used 
PABLE 5—EFFECT OF CEREAL CONTENT ON Gas PRES a molding sand increases the gas press 
SURE OF A CORE MIXTURE at the mold tace. 
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Max. Gas Pressure, In. of Water 1.8 Baking Temp.. | 425 








Time, min 10 °0 





Baking 


Max. Gas Pressure 


in 





ot water 





\verage 





Reach Max 


Time in Sec. to 
(as 





. \verage 8 > 
Pressure 


Time in sec. to reach 


Max. Gas Pressure 





Average \verage 





Core Mixture No ; ? 5 
TABLE 7—EFFECT OF BAKING TIME ON Core Gs 

Cereal, per cent 0 05 15 PRESSURE 
Raw Linseed Oil, Ib 10 10 10 
Manistee, Ib 1000 1000 1000 Mixture No. 15 
Juniata Sand, lb 1000 1000 1000 
Water, Ib 10 +0) +0) Raw Linseed Oil, lI! 0 

mG eS Mogul, Ib 10 
— ig : “ "\ a wonvam, & — 

: Silica Flour, Ib ; 200 

Baked Permeability &5 75 90 Water, Ib 60 
































































PERMEABILITY ON GAS PRESSURE OF A COR} 


ABLE 6—EFFECT oO} 

















Core Mixture No 6 7 8 a) 10 1] 12 











Raw Linseed Oil, Ib 20 20 20 20 20 20 20 








Cereal, Ib 10 10 10 10 10 10 10 
Western Bentonite, Ib oN 1) % 
Silica Flour, Ib 500 

Wedron Sand, Ib 1500 2000 1000 500 

A.F.A. Standard Sand, Ib 1000 1500 2000 2000 1000 
Blast Sand, It 1000 


Water. Ib 









425 


425 






125 


Baking 
Baking 


Time, hi 





Baked Permeability 











Max. Gas. Pressure. In. of Water 16.25 5.6 1.9 28 0.6 6 g 








Average 





to Reach 


Pressure 


Time in Sec 
Max. Gas 






Average 
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\imuln gas pressure in a dried sand is ven 
rv slowly. Several inches gas pressure may 


uced in a dried sample of molding sand 





seacoal to molding sand causes a rapid ris 





ressure, for example, 4.3 to 20.5 in. of 


ressure as seacoal is increased from 0 to 5 









telv, an increase in mold hardness delavs 





at which the maximum gas pressure 1s 





[his delav in time gives the molten metal 






ne to set and form a chilled skin of metal 





ing face reducing the chance of blow defect 





is pressure al the outer face of a core in 





with an increase of core oil used in the core 






ons of cereal binder increases the gas pres 


































\ 
the outer tace ot a core rapidly. 
sing baked permeability of a core 114 in. in 
ter trom 11 to 170 reduced the gas pressurt 
6.1 to 0.5 in, of water pressure. 
npounding core mixtures, one should make 
as to which mixtures will yield the lowest 
red gas pressure. The fineness of sand, grade 
binder, quantity of core binder, baked per 
lity, size of core, and resulting gas pressure 
| be taken into consideration. 
C. W. Brices, Steel Founders’ Society, Cleveland 
\WeRNER Finster, American Chain & Cable Co 
| 
It was stated that the gas pressure decreased in the 
e of sand as mold hardness was increased. Was there 
oisture content in the mold? 
fr. | ERI The sand was tempered at the workable moi 
[his applies to all of the samples. I do not know 
pressure educed as we increased mold hardness 
H. FAIRFIFLD [he moisture content was approximately 6 
It seemed that in the test we ran that the sand gen 
more slowly when it was rammed harder. That might 
et ie t he tact that we made the test measurement 
k from the surface and the heat penetrated more 
OO rammed sand 
Did vour molding sand have relatively low or hig! 
‘ 
FAIRFIELI I think it was a low pan material 
Briccs: It would be well for the authors to describe 
velieve to be the type of detect obtained with hig! 
Ik. Diererr: One particular defect that was eliminated by 






of gas pressure was a blow on an aluminum casting 





eached into the cope for a distance of 6 to 8 in 






etal pressure at this high point in the cope was 





Blows were appearing in the cope section of the 





\ green sand core was used in the cope. By reducing 






re into the green sand core the castings did not show 






detect or metal agitation 





d an experience where the metal was agitated due to 





the core surface Ihe metal agitation cre 
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like condition. By changing the gas pressure relief 


ed from this metal agitation 
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KERR 
cores where es ( core ct cet neta 
ul I « riihe set corre iti I ‘ ‘ cre o1 \ i 
relatively sma irea ot the sand is in « ct wil the moltet 
metal It seems that testis similar t hese but h the specime 
at Varving lesser immersio depths : el results more 


symbolic of mold pressures 


Mir. Dirver We endeavored t nots e¢ c\poser end ot the 
molding sand sample ! ibove the op of © meta bat 
One can varv that as much as il ind the ditterence is neg 
eible We have placed pressure tips in molds and find that the 
gas pressure in the case otf molding sand is k However, tron 
the information given in this paper i ll give vou index 
to how the gas pressure increases hen we ! the ingredients 
of the material or of the sand [he actual gas pressure that we 
show trom this Illqg x 2-1 specimen is not e same value as 
tound In a mold ol na core However it does show the trend 


I think that is all we car hope to obtain trom test data cor 
tained in this paper Our work is only a beginning on s 


subject of gas pressure 


ID. ¢ WHLLIAMs Was vour test specime I iong 

Mir. Dirreri [he specimen is 3 on Figure + shows 
details ot the gas pressure brass tube The Y-in. dimension 
Fig. 3 should read 274 in 

Nine. WILLIAMS Do vou use the same ra equipment 
ou use tor a 2-in specime! 

Nir. Dierert Ihe lt¢-in. sand rammer is used to ram the 


test specimel 


CHuariers Locks Does the author feel that the magnitude of 
the pressure against the metal itself is of the same orde is 
that tound going out through the core 

Mik, DIFTER! We know that heat transte from the lead batt 
to the core would be vastly different that let us sav. the heat 
transter trom steel to the core [he manner ot wetting of diffe 
ent metals would not be the same However it is known fron 
high temperature testing that the heat Input into a sand spec 
men is restricted by the sand itself to a large extent Thus one 


might not find too much difference in gas pressure when using 


different metals tor the bat! In case of steel, a thin chilled ski 
is formed quickly, whereas in the case of iron or lead it is tormed 
slowly 

CHAIRMAN Briccs: When vou take the eft of mold hardness 


15 to 2O in. of water pressure ecorded 


curve shown you cer 


tainly would not be interested in some other ettects where maxi 


num Variation is only about I i ~ water pressure 

Mr. Dieter In the case of cores we need much lower gas 
pressures than for molding sands. Certain casting designs make 
venting mold or core section difheult In such cases this was 


pressure of the molding sand and cores must be kept very low 
CHAIRMAN Briccs That is a good point 


Mr. Fairrieip.: | might quote a turther example in the case 
of a core that had 7 in. of water pressure The castings pro 
duced with this sand had large blow holes in them. We reduced 
the gas pressure to 2 in. of water and the blow hole defects dis 
appeared That is some indication of permissible gas pressure 
nm cores 
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CONVENTIONAL VS. SALT BATH HARDENING O|! 
CAST IRON CYLINDER LINERS 


G. M. 


IBSTRACI 


compares two Ssait ati heat treating cycles 


nventional quench and draw treatment idvantages 


hath cycles are herein presented 
I 


HARDENED ALLOY cast iron cylinder liners (Fig 
1) have been successfully used in the General Motors 
series 71 Diesel engine for many years. Both labora 
tory and field tests have shown that the hardening 
operation greatly increases the wear resistance and 
consequently the life expectancy of the liner. How 
ever, the hardening of this part by conventional oil 
quench and draw method presents shop problems such 
as distortion, growth, scaling, and cracking. In an 
effort to reduce or eliminate these undesirable el 
ments of heat treating, experiments were begun on 
the adaptation of salt bath quenching procedures to 
this particular job. The results of these experiments 
were very encouraging and will very likely result in 
the adoption of this method of hardening liners fon 
production usage at this plant. It is recognized that 
the preliminary test results presented here do not 
represent any great quantity of liners tested and 
should therefore be interpreted only as a general trend 


* Metallurgical Department, Detroit Diesel Engine Division 
General Motors Corporation, Detroit 


Lahr* 


of what to expect from the various heat t 
described. Although all test samples wert picked 
random from many heats of castings, it is possibl 
greater variations in results will be experienced 
more heats are processed. 

Ihe specified chemical analysis of the iron no\ 
in all production cylinder liners at the Detroit 
Engine Division is as follows: 





Content 


Klement per cen 


lotal Carbon $25 to 3.50 
Silicon ‘ 2.05 to 2.25 
Sulphur , 0.12 Max 

Phosphorus 0.25 Max 

Manganese 0.55 to 0.60 
Copper .1.00 to 1.50 
Chromium 0.55 to 0.80 
Nickel 0.10 to 0.25 





All test liners were made from sand castings that 
had been normalized at the foundry. 

Combined carbon after normalizing is below 0.60 
per cent and normally runs about 0.30 to 0.50 per 


Fig. 1—Cast iron cylinder liner used in this stud) 
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11 microstructure of cast tron cylinde Fig. 3—Photo shows positions where measurements 


liners before hardening were taken before and after heat treatment 











Fig. 4—Oil quench tank with quenching arbors. Oil 
was drained before photographing. Normal oil level is 
approximately 3 in. below “mushroom” top on arbors. 





‘ . ' , } 
fig ? fyrbor used tor ii quenching evlinde 


~ 


cent The typical microstructure prior to hardening 
is shown in Fig, 2 

Removal of metal trom the inside of the liner atte 
heat treatment is time consuming. Theretore, th 
primary consideration was to determine growth and 
distortion of the internal diameter as a result of heat 
treatment. All measurements made during these tests 
were taken on the inside diameter before and afte. 
heat treatment in accordance with the positions indi 
cated in Fie. 3. Maximum distortion figures were 
obtained by subtractine the smallest from the largest 


CONVENTIONAL Vs. SALT BATH HARDENING ( 


ot the six measurements after heat treatment 
words, the distortion figures do not necessa 
cate that the liner is out of round by that muc 
horizontal plane, but do indicate the maxim 
ured variation of the internal diameter siz 
axes and three horizontal planes. Maximun 


on the other hand, was calculated by determini: 


ereatest change in dimension of anv singel 
diameter during heat treatment. All hardness | 
ments were taken on the Rockwell “C” 
a Brinell test would have caused the 
scrapped 

Ihe present production method ot 
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INTERNAL DIAMETER MEASUREMENT 





SIZE PRIOR TO HEAT TREATMENT 
SIZE AFTER HEAT TREATMENT 


SALT BATH 
CYCLE B 


SALT BATH 
CYCLE A 
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LINER IDENTIFICATION NUMBER 


Fig. 6—Pictorial representation of measurements taken 


of cylinder liners before and after heat treatment by 


the quench and draw method and the 
method, Cycle A and Cycle B. 
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quenched line) showing print of arbo 


teeth on inside diametei 









rostructures produced by heat treatment; 
. pp) by oil quench followed by 550 F draw 
enter) by salt bath Cycle A; and Fig. 10 (bot 
salt bath Cycle B. Mag.—500X, nital etch 


















ler liners involves heating in a gas-fired rotary 





114 


nace at 1550 F tor 90 min. and then quenching on 






wbor submerged in oil at 200 F. Figure 4 shows 






quenching arbors at a time when the oil had been 
ined from the quench tank. The normal oil level 
this tank is about 3 in. below the mushroom head 
the arbor. The hot quenching oil is pumped 
such small holes located between the vertical flutes 


the base of the arbor and travels upwards until it 










ches the port band where it is detoured through 





es located adjacent to the liner ports as shown in 





>. From this point, the oil continues upwards 






the flutes until it emerges at the top of the arbor. 






\ter quenching, the liners are allowed to drain and 






then washed and given a I-hr draw at 550 F. Since 






liner was heated originally in a gas-fired furnace 







thout a controlled atmosphere, it requires a grit 





isting operation after the draw to prepare it for the 
sinding operations that follow. Scale thickness has 
en found to vary from 0.002 to 0.004 in. In addition 
removing this scale, the grit blasting operation 
noves 0.001 to 0.002 in. of stock from the diameter. 
\verage maximum distortion of 12 production test 
mers heat treated by this method was 0.0101 in., the 
ge being 0.006 to 0.019 in. A graphical representa- 
on on the measurements taken on these liners is 
resented in Fig. 6A. The average maximum dia 
ietrical growth was 0.0279 in., the range being 0.0255 
» 0.051 in. All measurements were taken after the 

























{rit blasting operation in order to prevent the inter- 






lerence of scale. 
he severity with which the liner clamps itself on 
irbor before releasing itself and the effect that 
«ale can have on distortion is illustrated in Fig. 7. 
Note that the scale has adhered in some areas and is 
sone in others. Assuming that this occurs prior to the 
me the liner clamps to the arbor, scale could be 
sponsible for a sizeable portion of liner distortion. 




























540 








a liberal amount of stock 


As can be OA, 


must be allowed in order to assure that all liners will 


seen in Fig. 


clean up” when they are ground. Due to the amount 
of distortion encountered by this arbor quenching 
procedure, two internal grinding operations are re- 
quired for sizing in addition to final honing for 
proper surface finish. Lhe excessive amount of ma- 
chining after hardening plus the scrap encountered 
due to cracks and excessive distortion warranted an 
investigation of other methods of hardening the liner. 

In order to determine the merits of salt bath heat 
treatment, a test lot of 60 liners was scnt to the Ajax 
Electric Co. Previous experience had indicated that 
the liners would grow less when salt bath hardened, 
therefore an additional 0.010 in. was removed from 
the internal diameter prior to heat treatment. Since 
no time-temperature transformation diagrams were 
available for the material being treated, 18 of these 
liners were used to establish suitable heating and 
quenching cycles. All -heating and quenching was 
done in molten salt. The two basic types of cycles 
which were established are listed as follows: 

Cycle A 
Preheat 5 min at 1200 F. 
\ustenitize 8 min at 1600 F. 
Quench 20 min at 480 F. 
Cool in air. 

Note: The quenching bath was agitated only for the first 

3 min. of the total quench time. 
Cycle B 
Preheat 5 min at 1200 F. 
\ustenitize 8 min at 1575 F. 
Quench | min at 650 F (agitated). 
Cool in air for at least 1 hr. 
Draw at 350 F. 

Although cracking is occasionally encountered when 
oil quenching liners on an arbor, no cracks were 
found in this test batch of liners. Both distortion and 
growth were reduced considerably as evidenced in 
Figs. 6B and 6C and the liners were scale-free. A 
summary of the results obtained by these two heat 
treatments is as follows: 

Cycle A (22 Liners) 

Average Maximum Distortion 0.0026 in. 
Average Maximum Growth 0.0099 in. 
Average Hardness, Rockwell “C” 51.7 
Cycle B (20 Liners) 

(Average Maximum Distortion 0.0025 in. 
Average Maximum Growth 0.0089 in. 
\verage Hardness, Rockwell “C” 50.2 





Fig. 11—Salt bath heat treating of cylinder liners. 
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Fig. 12—Hanger for supporting liner in salt bat 


Microstructures Produced 


The structures produced by oil quenching, and sai 
bath cycles “A” and “B” are shown in Fig. 8 throug 
10. ‘These preliminary tests on salt bath hardening 
of cylinder liners, were carried out in the typ 
equipment shown in Fig. 11. However, should 
system be adopted for production use, a complet 
conveyorized set-up would be utilized. The hang 
used for supporting the liner in the various salt bat! 
is shown in Fig. 12. 


Principles Involved 


Since the results obtained by these two types ot sai 
bath heat treatment were so encouraging, it should bh 
interesting to review briefly the principle involved 
When a cylinder liner or any other ferrous object that 


has been heated for the purpose of hardening is sud- 


denly quenched in a cooling medium, such as oil, the 
surface will cool more rapidly than the interior. As 
suming that the liner is cooled rapidly enough to cleat 
the nose of the “S” curve it will transform from aus 
tenite to martensite when it passes through a definit 
temperature range. The location of this temperat 

range varies with different materials. This transforma 
tion is accompanied by a definite volume expansio! 
Since the surface cools faster, it naturally reaches 
transformation temperature range and expands 
Following this, the interior portions of the liner reac’ 
the transformation temperature range and xpand 
The result of this non-uniform transformation 1s ! 
variably distortion and occasionally cracking. If ™ 
stead of quenching into oil, the liner is quenc!:ed into 
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3—Representation of salt bath Cycles A and B. 


ten salt bath held at a temperature slightly 
the transformation temperature range and held 
mperature of the bath, uniform transformation 
accomplished by cooling in air. By cooling in 

the temperature differential between the surtace 
nd the interior will be minimized and transformation 
This process is termed 


ong enough for the entire cross section to reach 


be reasonably uniform. 
rtempering. Austempering, although performed in 
lar steps, involves different principles. In mat 
empering, the liner hardens during the air cooling 
od after being withdrawn from the quenching 
\ustempering, on the other ‘and, involves com- 
transformation of the austenite while still in the 

nch bath 
Cycle A as applied to the cylinder liners comprises 
nbination of the principles of austempering and 
tempering in that it embodies a rapid quench to 
‘) F, a holding time of 20 min at 480 F to effect 
artial transformation to lower bainite, and a final 
sformation of austenite to martensite during ai 
See Fig. 13. Cycle B 
s essentially modified martempering treatment in that 
ipid quench to 650 F is employed to prevent trans 
ition of austenite to pearlite or high temperature 
ite and that the transformation to martensite is 


ing to room temperature. 


] 


ted during air cooling from 650 F. 
Summary 


‘he advantages of salt bath treatments over the 
entional gas furnace heating and arbor quenching 
ed can be summarized as follows: 

lhe absence of scale eliminates the necessity of 
blasting. 

~ Since no arbor is required in Cycle “A” or “B” 

icks due to stresses imposed by the shrinking of the 


ron the arbor are eliminated. 


TIME 


3. Distortion is minimized, thus reducing precision 
grinding difficulties. 

1. By increasing the internal diameter size prior to 
heat treatment in accordance with the growth data 
obtained in these tests, the machining operations fol 
lowing heat treatment can be minimized. Adjustment 
of the outside diameter dimension prior to heat treat 
ment will also result In a minimum of stock removal 
after heat treatment. 

5. The 


considerably. 


time required for hardening is reduced 


DISCUSSION 
BorNSTEIN, Deere & Co Moline Il) 


Muskegon 


Chairman H 
Co-Chairman Db. A 
GARNET P. PHILLIPS 


on hardening of cast iron cylinder liners is of considerable in 


PAULL, Sealed Powe Corp 


Written Discussion Mr. Lahr’'s papel 


terest to us. Experience had by us confirms Mr. Lahr’s findings 


During the latter part of the war we were confronted with 


the problem of producing hardened, thin, dry-type cylinde: 


liners for heavy duty trucks that would be finished to a 


maximum out-of-round and taper of 0.001 in. Normal pro 


cvlinde1 


cedure was to insert the thin hardened dry liners in 
blocks and to finish-hone to desired tolerance after insertion 
The request mentioned above was made with the idea of in 
serting the liners, already honed to size, in the blocks with no 
honing required ‘after insertion 

During the war period a non-alloyed low total carbon gray 
iron was used in these thin liners. Hardenability was satisfac 
tory with the thin sections involved (zg in. through %¢ in 
checking of ID 


igain alter re 


In working out this proposed requirement 
was done in the pot chuck after finish honing 


moval from pot chuck and again after reinsertion in pot chuck 


and clamping. The latter step would simulate insertion in 
machined cylinders in cylinder blocks 

Using the non-alloved low total carbon gray iron then in 
use and using conventional heat treatment (oil quench from 


1600 F and draw at 400 F) resulted in liners that would not 
meet the maximum out-of-round tolerance of 0.001 in. For 


example, the following out-of round readings were obtained 


ID Finish honed in pot chuck 0.0003—0.0007 in 
ID Removed from pot chuck 0.0020.0.0045 in 
ID Reinserted in pot chuck 0.0007—0.0015 in 


Drawing at higher temperatures (up to 700 I would give 


Chicago 


1 Internationa! Harvester Co., 
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The author, in the application of salt bath hardening to the 
c\linder liners, is using the method of heat treatment that i 
sugeested in the early 1940's by Nagler and Dowdell. It is wel 
recognized that the distortion on ha.det z can be kept to 
minimum if the case and core are at the s: « temperature prio 
to the actual austenite-martensite transiormation This method 
of hardening keeps cracking to a mini om due to quenchit 
SLVESSES The use of quenching fixtures is discarded whenever 
possible for thev increase the cost of hardening by increases 

. indling cost and maintenance of the quenching fixtures 

Has the author carried out anys perton lance tests to dete 
mine what Rockwell C hardness produce t by salt bath quenct 
ing gave the ideal cvlinder life: 

The successtul ipplication of the isothermal transformatior 
method of heat treatment is wholly based on a knowledge of 
the isothermal transformation curve of the cast iron involves 
This knowledge will definitely fix the maximum section. si7¢ 
that can be isothermally heat treated, that is to make sure the 
section size can be quenched bevond the Various upper noses 
oft the transtormation curves 

There is much useful information that can be gathered fron 








from the martem pe ring temperat 





isothermal heat treatment to cas 







On the basis of microstructure 







to be ideal for use in a evlind 






hardness to be increased to some 






\ir. Lane We more or less fe 





our liner the bette: Ihe liners 








iveraged around 2 to 3 points 





normally get from our convention 








salt bath process 






As far as the wear resistance of 







pering at low quench temperatu 





produced by martempering shou 








Co-CHAIRMAN Pavutr: ¢ 
“the harder the better”. . r 







tics of the particular line l 





had cases where thev have 







I. T. MacKenzr If vou ca 
holder and churn them in hot 
same thing with the oil quench? 
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responding wear resistance when 


t ion 1 


ing in getting by the upper nose of the 


th 
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el 


of isothermal treatment to an industrial 
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i yp cation 


te 


study of the relatonship between quenching 
In the 


mM 


urve 


( wicular 


ind that 


Rock 


that the 


I 


mentioned in 


Rockwell 


al method of hardening 


ever, our draw temperature is also highe: 


put in engine tests out in the field and we h: 


data reported The hardness measurements 


( 


than 


rates, 1n 


ust 


application 


be 


LrOOSTILES 


1 
would 


( 


the 
ive 


on 


higher 


tha 


harder we 


pape 
had 


these 


t used 


cooling 


0 


illow 


no 


liners 


ners th a high percentage micetinig ( tit oul oleta 
but they would fall below minimum hardness specified of 45 R 

Returning to the use ot alloy rons, Coppel chrome or me 
denum-chrome-nickel, both ot hich had previously beet Y 
by us in regular production esulted ners about YO p 
cent of which would meet the out-ot in equiremet! 
conventional oil quench and dravy 

Hot quenching ot the non-alloved | carte ro 

[he liners were austenized at 1600 FF, quenches Sal i an 
held for varving lengths of time from | te it ul 
cooled Some were drawn il Ho | or «2 I rhe cvclk 
resulted in’ best results from viewpoint « hardness a 
minimum out-of-round was to hold to salt at 

ind draw at 450 I Hardness ranged tre kockwell ¢ { tc 
ind out-ol-round of honed ID atte: mp " por « 
iried trom 0.001 in. to 0.0009 in 

Impact tests on round bars showed hatin pact resislance 
much higher on the ho qu nched ( is compares lo 
conventional oil quenched and dra‘ ron 

CHas. A. NAGLER Woertten Discus \l Lahr is te 
complimented on his fine paper concerned with the applicat 


i the 


careful that no ferrite is formed bv a slight slowing of the quencl 


ped 


tl 


extremels 


were 


weal 


than we 


Tow 


r the 


these various structures is con 


res 


Id 


as the 


tak 


n 
salt 


| he 


martensitic 


in my opinion she 


e that 


hang 


why 


stand the increased brittleness of the harder 
these 
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compared 


suming that the hardness obtained are equal 
‘rally speaking the idea has been 


hardness 
to drop back to 40 to 


well C due to some particular ngine design that just could not 


lit 


an 


to 


lel 


you 


wm 


cerned, T have no knowledge of data available on the wear r 
sistance of the Bainitic tvpe of structure produced by austem 
structure 


cor 


martensite 


not 


structure produced by the conventional quench and draw 
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\ie. Laure We tried quenching liners 


ou m arbor and tound that distorti 
i produced by quenching on an arbor 
irt< Hperinyg C\ pe 0 could be used it i 
it! resulting lower arstortion issull v 


is Maintained 


I I KASCH 


‘ quenching cycles and S-min on ne Salt 


at a temperature ibove or me 
Why should vou have aT 

inmost growth due just to that time differentia 
Mire. Lane [he basic reason tor the large 


time is the comparative heating rates 


eating ot the two mediums involved Molt 
it to the ner at a muctl faster rat t! 

Jas-hired rotary turnacc In our rotary tu 

e directed well above the tops ot the liners 

ipper portions first. In addition to this, the 


ioticeabls cooled neat the loading door ot the 


two tactors make it pecescsary to leave the pleces 
40 min in order to insure that the liner is ful 
out its entire length before quenching Attem) 
this time have resulted in scrap due to unequ 
growth trom top to bottom. On the other han 
on cast iron samples %4, in. thick by 1 il 
shown that full hardness can be obtained thr 
cross-section by quenching after 3 min in moltet 
In addition to its rapid heating rate, molten salt 
liner uniformly from all surfaces 

Since this work was done to solve a shop prot 
forced to contend with many factors that wouk 
eliminated had the work been more theoretical iy 
instance, all liners hardened by the conventional! 
scaled and had to be grit-blasted before measuri 
moved the scale plus some metal This would t 
vrowth in the graph Thev were also quenched « 
which was specifically designed so that they woul 
to it on cooling and release themselves upor 
This could account for some “forced” growth. Fi 
1 


sons, the data given in this pape should not be 


meaning that salt bath methods will always result in 


I have been unable to reproduce these variations in 


ing 10-in cast iron strips heated in molten salt ai 


mosphere furnace. In fact the samples heated in the 
for 10 min grew more than those heated in the 
furnace for 90 min \ll of these measuremen 
after quenching in oil 

\. E. ScHUH Were these salt baths agitated « 


Mr. Lane The high temperature baths wer 


by the stirring action produced as a result of curt 


between the immersed electrodes The quenching 


mechanically agitated. On the I-min quench tt 
for the full length of the quench, while on the 20 
it was agitated for only the first 3 min. A pump 
force salt up through a large vertical pipe imme 
quench salt The liner was then quenched into t 
this pipe 

Co-CHAIRMAN PAu. Have vou gone into this 


point where you have been able to find out differe 


different amounts of growth from one casting to 


from one particular type to another for example 


irons vs. centrifugally cast irons? 

Mr. Laur: We have also been working with 
cast liners, and although I have no actual figures 
the paper to show you, we have found that the 
cast liner grows less than the sand cast even wit 
inalvsis. The centrifugally cast liner I am talk 
an AFA Type D Graphite as compared with the 
the sand cast liner. As for the variation of growt 
to heat. I am inclined to-believe that this variatio 
somewhat with the original combined carbon as 
the foundry. In other words, if vou would start out 
bined carbon of 50 per cent, and increase it to 0 
during hardening, vou would get “X” amount 0! 
you would start out initially with a combined ca 
0.10 per cent, T am inclined to believe that vou wo 
growth since there is a greater change in comb 
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rECU NIQUES OF QUALITY WELDING OF PLAIN CARBON 
STEEL. CASTINGS 







By 
E. LaGrelius * and J. D. Wozny 









was deoxidized with 2 lb of aluminum per tor 


It 


ot molten metal 
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Ihe above steel is used to meet the tollowing mu 







quired of plain ca eel castings and t imum physical properties 
ullurgical effects f size rf eld. section size Yield Stre neth, psi rs.000 
SGUONS NORE CVOREMNENES ON EAE NEPENE ENE Tensile Strength, psi 70,000 
: Elongation, per cent 24.0 
é ate electrodes genera produce sou? 
tis 1 —aohera Reduction of Area, per cent 16.0 






Procedure for Investigating New Electrodes 










The first problem entailed in the investigation of 


new electrodes was to set up a uniform procedure of 





Introduction 
welding. After considerable preliminary study and a 





EVER INCREASING DEMANDS [01 quality and 





thorough review of literature, a welder’s qualification 






























various materials for industrial and engi test plate was adopted (Fig. 1 he plate was to be 
ipplications will necessitate production of 
os of increased quality and increased strength 
esent time, some specifications are requiring 
ldments made in the repair of steel castings —_— - ] oe 
ss physical properties similar to the parent metal “t 
no doubt more specifications will follow this : (*» - 
the near future. In addition there is a trend = 4= +t 4< = \ 
ule radiographic inspection for the quality of el & - ae 
nts in respect to cracking, fusion and sound = 17 “sf ~y rt ( 
inhole porosity). —_ Hy + --—f--+ -5 Li. 
letermine the optimum conditions necessary = e" | al a a | 
und welds that will meet all the quality and i : 1} 
° demands so that procedures can be set up, : ' | | | 
cessarvy to know the eftect of tv pe of electrode, “ i ‘9! | ‘ | 
size, weld size and the effect of subsequent Pa | | | 
t treatment on microstructure and hardness : = 
lhe initial step in this work was to find electrodes 4 = | ' 
cl would Give (1) welds posse ssing a satisfactory Be ° " I 
gree of soundness, and (2) would deposit weld | | | | } 
tal which would possess certain minimum physical 4+ —a — 
es. After electrodes were found that met the 











ove two requirements, a metallurgical study was —h io” 




































study the effects of section size, single and = + 
iti-pass welding, and post heat treatment on the / 308 
irdness and microstructure of the weld metal and WELD DEPOSIT ‘ie 
on “ Zo 
it allected zone. A plain carbon cast steel of the ae IV £ =, 
. ere , , - iz : ‘ ' 
owing analysis was used in this investigation te) h y= am 
C—0.28, Mn—0.74, Si—0.57, P—0.024, S—0.040. is JT 
ar | 
* Re rch Metallurgists, American Steel Foundries, East i, . 
go, Ind Fig. 1—Welding qualification test specimen 
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or Wetpb Deposit 


Paste |1—Errecr or IyPpr OF COATING ON SOUNDNESS 









bh lectrode 


(AWS E-6010 Org 


itiie 






I 
B (AWS E-6012 Organi { 
( (AWS E-6010 Oreanic { 
Db (AWS E-6010 Organi I 
I (Stainless Lime \ 
I (AWS E-6012) Organic { 
G AWS E-6018 Organi { 
Hi (AWS E-6020 Organi i 
I AWS Organic- Asbestos I 
| AWS E-6015 Lime \ 
kK AWS E-6015 Lime \ 
I AWS E-6015 Lime \ 


{ L nsatistactory— Does not comply with Radiographic Standard 
\—Acceptable—Complies with Radiographic Standard 


Grade of Steel—Plain Carbon in above tests 








Fig. 2—Recommended standard exograph for sound- 
ness of welds. This soundness ts typical of weld made 


with lime or mineral coated rods. Reduced \% 


Fig. 3—Exograph showing a typical example of pin- 
hole porosity found in plates welded with organic or 
cellulosic coated electrodes. Reduced Vo. 


considerable porosity was noted in welds mac 
cast steels welded with electrodes having orga 
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Pass No Size ot Electrode An 











17 











18 ly 510 
19 l4 10 . 
20 l/, 310 
21 I 410 





4 
22 l4 310 







Fig. 4—Method of laying passes, electrode sizes 
amperages used in welding the qualification 
plate shown in Fig. 1. 












of cast steel of the grade of steel being repaired 
production with the groove either cast or machi 





to size. 





A standard exograph of soundness was re 
mended (Fig. 2) after making a study of product 
welds. This radiographic standard did not per 
any cracks, lack of fusion or pinhole porosity ol 
ereater concentration than shown in the standard 

Ihe physical properties of the weld deposit 
obtained from 0.505-in. tensile bars which wer 
moved from the weld plate as shown in Fig. |, °! 













All plates were welded in the normalized condi 
(1650 F, 2 hr, air cooled) and the physical properties 
of the welds were obtained in the as-welded condit 
and after a heat treatment similar to that whicl 
castings received in production. 













Influence of Electrode Coating 


During the preliminary part of this investigati 










aND |. D. Wozny 
oatings This type ot detect was less 
n the same steels were welded with elec 


mineral or lime type coatings. Figures 


xographs illustrating these conditions. 
ninarv work stimulated an investigation 

the effect of coatings on pinhole poros 
re, a study was made of several electrodes 


this effect was 


ing used, to determine if 
all organk coated electrodes. All welds 
» eliminate as much as possible the vari 


Manufacturers’ recom 


ding technique. 
perage, polarity and special precautions 
d to so that the best possibl welds were 


sketch 


eT Ot passe s, sizes of electrodes and amper 


th each electrode. Figure 4 is a 


Sa partial list of various grades of elec 


d, showing AWS designation, type of coat 
iphic findings, etc. From the above study 
iat only electrodes that are lime or mineral! 
d comply with the proposed radiographic 
that for Grade 
manutactured at 


K, and 


inl quanti 


[his study also revealed 


normally 
I lectrodes |, 


no electrodes 
ould be acceptable. 
not available 


in this table were 


this study was made. 


Lime 

above study indicated that there were 
ercial electrodes available for welding of 
B” steel that would produce the desired 


or the required minimum physical prop 
plain carbon steel, the authors planned a 
program to obtain electrodes that would: 


Produce 


welds which would comply with the 


oposed radiographic standard of soundness. 


Produce welds in which the weld deposit would 


ive the minimum physical properties of the 


irent me tal. 


PHYSICAL PROPERTIES AND CHEMICAI 


COMPOSITION OF 


good welding characteristics, so that um 


) Have 


/ 
weraers 


we lds could be 


torm produced by the 


in the plants 


discussed this problem with sevctal 


The 
electrode 


vised specifications, showing them exographs of welds 


authors 


manufacturers advising them of their re 


made with their electrodes, and discussing with them 
then proposed studies and investigations 
Experimental Results— 
Physical Properties of Weld Metal 
One electrode manufacturer proceeded to make 
sample electrodes almost immediately and later sev 
eral others cooperated. The first manufacturer sub 


a total of eight types of experimental elec 
which was 


mitted 


before an electrode was tound 
adopted and placed in use at the 


The 


manutacturing 


trodes 


finally authors’ 


neces 
steel for the They 
also made all the final experimental welds and per 
formed all the X-raying, heat treatment and physical 
testing. 
lable 2 


properties and chemical composition of weld metal 


various plants authors supplied all the 


sary investigation 


lists in chronological order the physical 


of the various experimental electrodes submitted by 
one manufacturer during the development ol a satis 
electrode for welding of plain carbon cast 
steel. Each ol 
the groove of the plate shown in Fig. | 
all plates were machined smooth before X-raying to 


factory 


was used to weld 


After welding, 


the electrodes listed 


remove any false indications during radiographing 
No physical properties were obtained from any weld 
ment unless the radiographic standard of soundness 
was met. All physical properties listed are from all 
weld-metal longitudinal specimens removed as shown 


in Fig. 1. 


EXPERIMENTAL ELECTRODES 
FOR PLAIN CARBON STEEL 


METAL From 
EL LECTRODI 


WELD 





rreED BY ONE MANUFACTURER IN THE DEVELOPMENT OF A SATISFACTORY 
(LONGITUDINAL SPECIMENS) 
Yield rensile Elonga- Reduction 
Strength, Strength, tion, of Area, 

psi psi Per Cent Per Cent Cc Mn Si P S Ni Cr Mo 
AW 58,000 69.000 32.1 74.2 
N 11.100 57,200 44.5 72.6 08 92 1] 030 025 
AW 65.500 75,000 80.0 64.7 
N 43,000 61,000 39.0 74.0 10 52 27 009 032 10 
AW 85.500 103,000 24.0 58.2 
N 51.000 78.000 31.0 59.8 2 68 22 010 031 9 +5 
AW 74,500 86,300 28.0 62.3 
N 47,700 70.300 31.5 73.5 14 70 6 0i9 022 12 52 
N 15.500 67.300 39.0 74.9 ll 65 $2 O14 026 02 40 
AW 82.000 93,500 20.0 50.0 
N 44,800 77,400 28.8 68.8 17 74 18 012 026 18 25 39 
AW 87,300 101,000 21.0 49.1 
N 43,000 74,500 $0.5 56.2t 18 73 42 014 024 19 4] 39 
AW 80,000 95,700 23.5 66.8 
N 14.000 76,500 $7.5 73.9 13 71 40 O14 025 1] 48 


1 weld metal 
velded 


N—Normalized after welding 1650° F for two hours and air cooled 


All bars aged at 400° F for 16 hours and air cooled 








5 tt) 


Electrodes | and 2 produced welds which did not 


meet the minimum tensile streneth in the normalized 


condition, while electrode 3 although it possessed 


satistactory physical properties in the normalized 
ondition, was thought to have exceedingly high ten 
sile strength in the as-welded state. Electrode 4 met 
the physical properties both in the as-welded and 
normalized condition and was recommended to the 
plants for the qualification of their welders. Ele 
trode 4A was a sample from the manufacturers’ pro 
duction shipment to the plants. Because of the low 


tensile properties obtained after normalizing, each 
plant proceeded to qualify their shipments. The tol 


lowing table shows the results obtained 





CHEMICAL COMPOSITION 


Plant ( Mn Si P S Cr Ni Mo 
li D> 40 O14 026 02 4 10 

9 10 0 29 O15 010 05 16 
1S 66 2g O14 22 03 16 


LONGITUDINAL PROPERTIES AFTER NORMALIZIN¢ 


Yield Tensile Reduction 
Strength Strength Elongation of Area 
Plant psi psi Per Cent Per Cent 
14,000 06,000 37.0 70.9 
2 £5,000 68.500 34.0 12.9 
12.500 67 000 38.0 74.8 





Because of the low tensile properties, the electrode 
manutacturer submitted two more electrode samples, 
> and 6 Both of these electrodes complied with the 
revised specification. 

Sample 7 was a sample of electrodes received by the 
plants from the manufacturer's production shipment 
and was also satisfactory. It is now being used in the 


repair welding of production castings. 


Transverse and Longitudinal Physical 
Properties of Weld Metal 


We have included in Table 2 only the longitudinal 
all weld-metal specimens in reporting the physical 
properties although the transverse weld metal proper 
ties were also studied. However, the weld metal in 
the transverse pull bars was not 2 in. wide, so that in 
testing the bar, the weld metal, the heat-affected zone 
and the unaffected parent metal within the 2-in. gauge 
mark, were all tested simultaneously. This brought 


a complexity into the testing. Following are the 
transverse physical properties of the weld metal from 
electrodes 4, 5 and 6, the longitudinal properties ot 


which are included in Table 2. 


TRANSVERSE PHYSICAL PROPERTIES 





Yield I ensile Reduction 

Electrode Strength Strength, Elongation, of Area 

No psi psi Per Cent Per Cent 
4 (AW 52,700 83,400 18.0 38.8 
N) 16,300 71,300 24.0 67.7 
5 AW £4. 000 81,700 15.5 50.8 
N $1,000 71,000 27.0 71.6 
6 AW 48,000 82,300 16.0 48.6 
N) 42.000 70,500 37.0 71.9 


AW—as welded state 
N—after normalizing at 1650 F fer 2 hr. and air cooled 
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It will be noted that in some cases 





elongation is much lower than the lone 





vation in the as-welded and normaliz 





The as-welded reduction of area and 





also run lower in the transverse prope! 





lo study this effect turther, transv: 





were removed trom welds of Varving wi | 





so that l%-in., l-in., 114-1in. and 2-in 





metal were obtained within the 2-in 





The tollowing physical properties were o 





these bars in the normalized condition 








Width of Weld Mé 





1UU* 




































é in 2-in. gauge ed 
Parent 
Metal 9 in lin 
Yield Strength, psi 50,100 $4,000 42,100 1 J 
Tensile Strength, psi 80,000 73,800 71,500 Wn ; 
Elongation, Per Cent 30.0 23.0 27.0 28 
Reduction of Area 
Per Cent 54.7 69.0 71.2 0.8 
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Fig. 5—Sketches showing position of welds 
test bars used to study effect of the width « 
on transverse ductility properties 
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with the width of the 


mark until it com 


ition increased 
vithin the 2-in 
he parent metal at the 2-in. width. Ob 


that 


eauge 


iDovVve results, one would Sa\ Since 


trreneth of the weld metal is lower than 
parent metal, practically all the elonga 
lace in the weld metal. To obtain the 
alue of the 


based on the 


metal, the 
width of the 
in. This would 


weld elongation 


to be weld in 
and not on the entire 2 


elongation value of the transverse weld 
ever, the same phenomenon (that of low 
values in the transverse pull bar) was 
strength of the 


than 


cases where the tensile 


veld metal was equal to or highe: 


metal 


edure for Metallurgical Investigation 


ist plates in the normalized condition wert 








without pre heating 
lable 2 


satustactory, 


above grooves were then welded 


whit h 


electrode 7 a in diameter, 


t 
i 


found to give a 


with 
was previously sound 
weld in which the weld metal deposit met the min 


imum required physical properties of plain carbon 


steel. Three transverse sections were removed tron 
each weld and were given the tollowing post heat 
treatment 

Section No. 1—no treatment 

Section No. 2—1050 F, 2 hr, air cooled 

Section No. 3—16050 F, 1 hr, air cooled 

For additional information sections from the 2-in 
minor and majo} welds were tempered at 1150 1] 
1250 F, 1300 F and 1350 F \ hardness survey was 


then made across the weld and heat-affected zone and 


specimens were removed for microscopic investigation 


TABLE 4—BRINELL HARDNESS SURVEY OF ONE-PASS 


Wevtps MaApF IN PLAIN CARBON STEFI 











180-205 
159-162 


159-162 
159-162 


195-200 
159-162 
H.A./.—Heat-aflected zones 
P.M.—Unaffected parent metal 


’ welding by chipping “U”" grooves of the 4s Welded 1150 Fl hr. A.C. 1950 F.2hr. Ad 
dimensions: 
o-in. Plate 
Weld Papp ar ae | 228-240 228-254 
ite Small Groove Large Groove HAZ 216-2290 176-185 159-162 
Inches Inches PM 159-162 159-169 159-162 
xxl uxilx? l-in. Plate 
« ind x2x4 H.AZ 222-240 240-252 234-246 
1x 2x4 14x4x8 H.A7Z 228-234 180-190 165-169 
: PM 159-162 159-162 159-162 
2-in Plate 
e of the small and large grooves was arbi Weld 256-270 234-240 228-240 
. . IST DHE 90-195 9-176 
to approximate minor and major welds in HAL a 190-1 169-176 
, PM 159-162 159-162 159-162 
s of the three different thicknesses. The 
1 ABLE 5—BRINELL HARDNESS SURVEY OF WELDS MADE IN THE PLAIN CARBON STEEI 
Normalized 
1650 F, 1050 I 11501 1250 1 1300 I 1350 1 
As 2 hr l hi 1 hi 1 hi l hi 1 hi 
Welded \ir Cooled Air Cooled Air Cooled Air Cooled \ir Cooled \ir Cooled 
176-228 135-141 180-216 176-216 169-205 162-205 165-200 
185-210 156-1538 180-216 169-176 159-169 153-162 165-169 
159-162 159-162 159-162 153-156 147-150 144-147 153-156 
176-210 139-144 176-216 172-216 169-216 165-205 162-200 
195-205 159-162 185-210 169-176 162-176 159-172 172-176 
159-162 159-162 156-165 153-156 147-150 144-147 153-156 
159-195 137-1538 159-195 
169-185 165-150 165-185 
159-162 159-162 159-162 
Vi 
210-216 150-159 204-222 
205-210 153-162 195-205 
159 162 159-162 156-162 
na 
195-228 156-162 195-234 
f 195-205 156-162 176-190 
159-162 159-162 159-162 
\ - 
205-228 159-169 200-234 














Experimental Results 


Hardness Survey 
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The 


in lables 3 and 4. The hardness readings of all the 


results of the hardness survev are summarized 





one-pass welds have been combined to form the curves 
shown in Fig. 6. In the as-welded state, the maximum 
hardness of the weld and the heat affected zone in 
creased with the section size of the plate, the hardness 
of the weld being 230 Brinell in the 14-in. plate, 240 
Brinell in the l-in. plate and 270 Brinell in the 2-in. 
plate. Ihe hardness of the heat-affected zone in- 
creased similarly from 200 Brinell to 230 and 250 
Brinell. [he increase in hardness with the section 
size 1s due to the increased cooling rate in the heavie1 


sections 


\s is shown in Fig. 6, tempering of the one-pass 
welds at 1150 F for 1 hr had little effect on the hard 
ness olf the welds, although the hardness of the heat 
affected zone was reduced to 180 to 190 Brinell. 
Normalizing at 1650 F tor 1 hr reduced the hardness 
of the weld and heat-affected zone to the hardness of 
the unaffected parent metal 


Ihe effect of multi-pass welding is shown in Fig. 
Ihe hardness in the weld and heat-affected zone 
varies trom the bottom to the top of the weld, being 
lowest at the bottom of the weld. The decrease in 
hardness at the bottom of the weld varies according 
to the number of passes in the weld. In the l-in. 


plate minor weld where only two passes were made, 
the bottom of the weld is 205 Brinell. The hardness 
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Fig. 6—Effect of section size on hardness of we 


heat affected zone of one-pass welds in Grade “B 









































2-/IN. PLATE MAJOR WELD 


2-IN. PLATE MINOR WELD 
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/2-IV. PLATE MINOR WELD 


g. 7—Cross section hardness survey in as-welded condition of major and minor welds in Vo- 
plates, Grade “B” steel. 


in. a 2-in. 
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oner, and the ductility 
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AND | 1) 
» Brinell in the 14-in. plate major weld 
passes were made, and drops further to 
n the 2-in. plate minor weld where eight 
Ihe hardness in the heat-affected 
Lhis 


multi-pass welding is due to the renormal 


made. 


d the same pattern decrease in 


of succeeding passes. The top one or two 


nulti-pass welds, therefore, will have a 
iness than the lower passes, and its hard 
yproach that of the single-pass welds. 

properties of welds in the as-welded state, 
by electrode manufacturers, are the prop 
weld in the location from which the test 
removed. The properties of the top of 
welds and especially of single-pass welds 
igher tensile strength, lower ductility. 

ingle-pass welds, tempering of multi-pass 
ced the hardness of the weld metal only 
ile in the heat-affected zone the reduction 
dness was more pronounced as shown in 
Even after tempering at 1250 F there is a 
lifferential of 60 to 70 Brinell points be 
and parent metal. 


weld The reported 


roperties of welds in the stress-relieved state 
ould be equivalent to tempering at 1150 F 


represent approximately the middle of the 


weld. The tensile strength of the top of 


pass welds o1 single-pass welds in the stress 


d or tempered state would be 25,000 to 30,000 


our 


would be correspond 


ver, 


Microstructure Studies 


8 illustrates the changes in microstructure 


heat affected zone brought about by welding. 


veld metal is on the extreme left and adjacent 


1s 


ratures in 


il 


area about 0.02 in. wide consisting of a very 
se pearlitic structure. This area must have reached 


excess of 2100 F in order to form 


oarse grains in an aluminum killed steel. The 


structure is followed by an area of a very fine 


structure which was formed when the metal was 


Microstructure of heat affected zone of a one 
d made in plain carbon steel. The weld meta 
the extereme left. Mag. 100X, nital etch 












LFFECT OF LEMPERING ON HARDNESS O1 


MIULTI-PASS WELDs 


TABLE 5 





\s 1050 1 11L.oO} 1250 I 
Welded Ihr, AA l hr, AA ir, Ad 


Brinell Hardness Number Near Top of Weld 


~-in. Major Weld 228 216 Zl 21 

2-in. Minor Weld 216 216 216 216 
l-in. Major Weld 228 228 ten yo 
l-in. Minor Weld 228 228 228 222 
Unaffected Parent Metal 162 lor 156 150 


Brinell Hardness Number Near Top of Heat-Affected Zone 


2-in. Major Weld 207 210 176 69 
2-in. Minor Weld 210 210 176 ; 
l-in. Major Weld 2%" 200 0 0 
l-in. Minor Weld 200) 195 70 ) 
Unaffected Parent Metal 162 162 156 rT 





heated to temperatures just above the critical and fol 
lowed by rapid cooling. Next is an area of spheroid 
ized structure which formed at temperatures just be 
1350 F 


8 is the unaffected parent 


low the lower critical or at approximately 


\t the extreme right of Fig 


~ 


metal structure 
The above described pattern was found around the 


entire weld in the single-pass welds. In multi-pass 


welds, due to the grain refinement caused by the 


renormalizing effect of succeeding passes, the above 
described pattern will be found only adjacent to the 


top one or two passes. The initial passes and the 
adjoining heat-affected zone will be refined towards 
the bottom of the weld (Fig. 9) 


Tempering has no effect on the miucrostruccus 


obtained by welding of the plain carbon cast steel 


Normalizing, as is shown in Fig. 10, will refine the 


entire heat affected zone 
Significance of Results in Establishing 
Shop Procedure for Quality Welding 
It has been shown that with electrodes 


propel 
sound welds can be made which will meet the min 
imum required physical properties of plain carbon 
steel. 

The metallurgical study has shown that plain can 
bon cast steel can be welded without preheating up 
used in this study 


least the maximum section 


to at 
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Fig. 9—Grain refinement effect of multi-pass welding 
in plain carbon steel. Weld metal is on the left. Note 


the grain refinement in the initial passes shown at the 
bottom of the photomicrograph. 
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Fig. 10—Effect of normalizing on the heat-affected zone 
and weld metal of a multi-pass weld in plain carbon 
cast steel. 








Normalizing atter welding restores the original struc 
ture in the heat-affected zone and reduces the hard 
ness in the weld and heat-affected zone to the hardness 
level of the parent metal. Tempering up to 1250 F 
reduces the hardness of the welds only slightly. The 
hardness of the heat-affected zone begins to drop 
considerably at 1150 F. 

Since tempering has little effect toward reducing 
the hardness of the weld metal, a hardness differential 
of up to 110 Brinell points exists between the weld 
metal and the parent metal (single-pass weld in 2-in 
section). What effect will this hardness differential 
have on machining? In an experiment a one-pass weld 
was made in a slotted l-in. diameter bar. A hardness 
differential of 84 Brinell points existed between th 
parent metal and weld, but no machining difficulties 
were encountered when the bar received the most 
drastic machining possible at the laboratory 

Ihe results of this investigation show that in r 
spect to hardness and microstructure, minor welds 
(especially one-pass welds) are more critical than 
major welds. Yet, at the present time many procedures 
for post heat treatment of welds are set up on thi 
belief that major welds are much more critical than 
minor welds 

Conclusions 

Within the limits of this investigation the follow 
ing conclusions may be drawn 

1. Organic coated electrodes are not suitable for 
repair welding of plain carbon steel castings becaus« 
of their tendency to produce pinhole porosity 
2 Lime or mineral-coated electrodes generally pro 
duce welds free trom pinhole porosity. 

}. Electrodes have been deve loped which will meet 
the minimum required physical properties of plain 
carbon steel 

!. Tempering of welds in plain carbon steel has 
only a slight effect on the hardness of the weld metal 
or: the structure of the heat-affected zone. 

>. From the standpoint of hardness and micro 
structure, minor welds in plain carbon steel are just 
as critical or more critical than major welds. 

6. Plain carbon steel can be safely welded without 
any preheating up to the maximum section used in 


this study 
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( in: J. F. Ranpatt, Ford Motor Co., Dearborn, Mik 
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H. C. CAmMprRett? (Written Discussion The authors are to b 
congratulated on a scholarly and well-documented papei T} 


welding fraternity will welcome this contribution to our know] 
edge of application of arc welding 


The authors’ proced 


ire is an excellent model for foundries 


ind fabricators to follow. They first established specific welding 


procedures and specific heat treatments which were to be used 
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na Sts They also predetermined the idiog 
sile standards which all welds were to meet. Only 
proceed to vary the composition of electrode coatir 


1etals in the search for satisfactory production weldit 


Persons familiar with the work being carried on 


in Steel Foundries Research Laboratories wil] 
e misled by the authors’ terminology tor the ele 
ised. However, a cursory reading of the tables and t 
he successful electrodes are called “lime-coated,”’ and 


statement that “only electrodes that are lime on 


would compls with the proposed radiographic stan 
ead the reader to suppose that titania and lime-titar 
ere also tested and were found wanting. This is 

authors’ intention. The approved designation for 


coatings now being applied to this low-allov high-ter 
electrode is “hydrogen-controlled These coatings 
vpe, as the authors correctly report, but in practice 
lime, lime-titania, or titania type The important 
hev are low in hydrogen, not that they contain lime 
ihe title “hvdrogen-controlled” is more inclusive ar 
formative, as it suggests the fundamental reason 
nation of porosity and micro-fissures 

Attention is called to the fact that the authors 
primary reliance for acceptance or rejection of an ele 
the transverse tensile tests, even though this test bar 
in their specification. This specimen gives valuable inf 
as to the ultimate strength of the welded joint and 
of the failure, but attempts to draw any conclusions 
vield strength or ductility data should be discouraged. 1 


Strengths measured on transverse specimens are not re 


cause different metallurgical structures and properties 


tested simultaneously and the true vield is impossibl 
mine. Likewise the ductility of a transverse specimen 


pendent upon the relative vield and ultimate strengt 


he weld lesigr 
1 


uthors have shown. Messrs. LaGrelius and Wozny ar: 


plate and weld metal, and varies with | 


transverse specimen in the only correct manner, by esta 
their own norms and comparing all results with previous 
transverse specimens 

Mr. Wozny: I want to thank Mr. Campbell tor the 
ments In regard to terminology we agree some imp! 
could be made. We agree with Mr. Campbell's suggestic 
hydrogen-controlled” would be a more descriptive tern 
type of electrode 

]. B. Caine? (Written Discussion Ihe authors are 
eratulated for their very thorough investigation of the effe 
welding rod on the quality of the weld. Although 
the scope of the paper, it should be mentioned that in 
coated welding rods have other advantages than producit 
tree from porosity 

In fact it is the writer’s impression that this type o 
was developed for the higher carbon and alloy steels b 


its ability to produce welds free from underbead cracking 


of these high carbon and alloy steels can be welded wit! 
heating using inorganic coated rods, whereas they must 
heated if an organic coating is present on the rod I 
nation of the preheating operation will, for these ste¢ 
than offset the higher cost of the inorganic coated weldu 

Mr. Wozny: We are aware of that fact. We had done 
sive work on our high-tensile Grade C steel where we has 
different tvpe welds in various sections at room temp 
10 F and 300 F. With hardness in the heat-affected zone 
as 500 BHN in 2-in. sections we did not run into an 
bead cracking whatsoeve1 

D. L. Maruias* (Written Discussion For many struc 
the field of engineering, Cast components have demonstrat 
superiority over those produced bv other methods of fal 
Messrs. LaGrelius and Wozny undertook to solve a difhicu 
ment and are to be complimented on the results prese 
their paper. So successful has been their work that littl 

ing, can be added in discussion. While the repair o 
detects appears to be a simple job once the prope 
has been worked out, many man-hours of painstaking 


tion are required to develop that procedure to insure c 


satisfactory results under normal production conditions 


ngs Co., Lockland, O 


‘ 0 am 
Metal & Thermit Corp., Rahway, N.J 











in the authors 


as electrodes of 


depositing weld analysis differing 


DY keeping the carbon content of tl 


idjustment by smal 


perties of the weld deposits were made to match t! 


parent metal after t 


ange of weld composition to meet almost 


additional advantage of this type electrode 


authors of this paper 


e thorough wav in which thev treate¢ 





have set up qualification tests that must be 


been compelled to adapt electrodes de 
low hydrogen type 


ure requirement of the tvpe 


velopment and to tocus further 
ise on their own products 

iracteristics of the low-hvydrogen type electrode whic 
rtv ot taking excessive high heats without deleterious 


as cracking, excessive porosity and 


sion common with the cellulose type of electrode 
property of adding alloys 
g efhciently without excessive loss going through the ar« 
World War II it was this type of electrode which made 
repairs In cast armor 
of matching the chemical analvsis ot 
veld metal is apparent for uniformity of the fin 
disadvantages such 


nt electrodes required to match the 


to design an electrode 


producer are quite apparent 


necessary to take any special precautions insofar as 


Many shops in the past 


precautions were in connection with the 


This question of moisture 
problem lacing 
manutacturers evel 
hrome steels, during the war for the manganese 
but we have not yet complete 


up several possible misunderstandings 















cic ‘ | ( ( e ditterenc 
cing r ‘ 4 IS 
cg cs ( ck me 
I Ee G& pe cl < ‘ weve AC s drv 
first place ue ce cs m show 

Tt cifference \ pe ele S are ( Val 
Opie il trie ‘ Ose pe « ‘ vim \ ive ec! 

isct ‘ Sno CCCSS i t ( ption of mati x 
centages of moisture tf i < t cm cl nye sp rm ‘ 
\ second point s the ettect ot moisture pick up on the 
ifferent tvpes ot alloy steels 1 os deposited by the low 
vdrogen type electrode \ sma mmo t of moisture absorbed 
! n electrode whi gives 70.000 | i nate strengti such as 
\i Woznv was using in most of vork. does not have nearly 
so severe an etiect on eithe morosil ( cracking as would have 
or n electrode deposit whi« has 100,000 psi tensile strengt! 
Wartime electrodes tor cast armo ‘ 10,000 to 120,000 psi ten 
le strength, whereas these new electrodes { he Gra B ste 

ire tor 70,000 psi tensile strengt im theretore ‘ ‘ { 





pick i} S not so serious 

We electrode manutacturers ive Mace ome progress whicl 
vill help overcome some of the difhculti nm moisture in elec 
ode coatings In the first place we are Gaoimg a bette job ot 
packaging electrodes to prevent if Quy present packages are 


lesigned to prevent adsorption of excessive moisture in normal 


storage conditions over a period of 6 to 12 mon. However, it does 
not solve a more serious problem which a8 the outine otf store 
Keepers In Various plants using the electrodes In many cases 


he storekeepers will take these electrodes out of the pach ge 
, 


put them in bins and expect them to be useable alter several 
months of exposure to humid atmospheres In that case the 
moisture pick-up, unless the room is controlled to low humidity 


is going to be serious and theretore all manutacturers will strong 
lv recommend that in the low-hydrogen type of coating, you keep 
the electrodes in their original containers. However, sometimes 
you have to break that container and take 5 or 10 Ib out of a 
50-lb container, and the rewrapping is sometimes more than the 


with He is apt to leave the box 


storekeepet wants to bothe 


of the electrodes will absorb mois 


pen, and then the remainde 
ture 
Our general recommendation is that in open cases, the store 
keeper be provided with drying facilities so that he can pre-<dry 


, , , 
e electrodes before dispensing them especially if they have stood 


In open containers tor any length of time \ 300-degree tempera 
ture tor a period of | or 2 hr is usually adequate 
In regards to getting the electrodes too dry, that true only 


} t 


inder extreme conditions. If these electrodes have absorbed a 
great amount of moisture their ceramu qualities have been 
changed. On re-drving, vou get diflerent welding characteristics 
because the electrode coating does not have the same crucible 
action which the original electrodes had It is not because the 


oating 18 too dry but because of insufficient bonding of the 


eramic that vou occasionally discove your porosity alter re 

drving In other words, it is not the absence of moisture that 

gives the porosity, but it is the absence of the shi lding effect 
le 


f the coating during the burning ol the electro 


CHAIRMAN RANDALI We ought to bring out the question of 


omture content because when people who are not familiar 
with this type ot electrode “tart to use t for the first time, thev 


will find thev cannot handle it in exactly the same manner as 


hev handled conventional electrodes and they will probably 
onclude it 1s not satistactory 
F. P. Huser Mr. Wozny stated that tempering did not mat 
ially reduce the surface hardness of the weld. If, following 
normal procedures, we welded our castings after the heat treat- 
ent and then just gave the casting a tempering treatment, we 


vould have hard spots on the surface of the weld From a ma 


ining point ot view would you recommend normalizing after 


e welding 
Mir. Wozny I mentioned the experiment we made at the 


aboratory where a hardness differential of 84 Brinell points 


ad no effect on machining. Of course, our machining was not 


*f the high speed tvpe that it would be in commercial machine 


shops. It there was no trouble in machining, I would not worry 





Berkle Machine & } ndry Work Norfoik, ‘ 









much about it inless the use ot e casting would be 


d somewhat bv the hardness difterential 
HAIRMAN RANDALI It has not been the general expe 
tempering fails to reduce the hardness of welds and I 


in this particular case, that condition is associated witt 


e particular materials being used and the choice of tempering 


times involved You have a chrome alloy steel as the weld meta 
ink vour heat treatment consisted of one hour at tempe 


is probably an insufficient time to soften that materia 


e material will not soften on tempering, beca 


Cy allov steels are regularly sottened 


tempering by treatments below the ritical 
go down to the minimum softness t 
tut it Is perfectly possible to solten materials 
proper se lection of tempering temperatures and times 
It has not been the general experience that tempering 
ail to reduce the hardness of weld metals any more than 
metals, provided the tempering time is long enoug! 
temperature is sufficiently high 
On a 2-in ick casting, vou would not normally consider 
that one hour was an acequate tempering time, would you: 
Mik. Wozny [hat is debatable, but even in the in. section 


t! e was no appreciable drop in ardness of the weld after 


WELDING OF PLAIN CARBON StF} 


tempering You will recall from Table 3 that in 
tnere was only a slight droy in the hardness of 
tempering at temperatures as high as 1350 I 
1350 F for 1 hr is certainly more effective in 
than several hours at 1050 or 1150 I 

CHAIRMAN RANDALI I thought that your specir 
no reduction of hardness were held 1 hr and air 

Mir. Wozny The tempering time was I hr 

CHAIRMAN RANDALI In any case, I think vou w 
your experience was that the so-called manganese- 
electrode did show a reduction in hardness on temps 

C. W. Briccs On item No. 6 of the Conclusions 
that plain carbon steel can be safely welded with 
heating up to the maximum section used in this study 
apply to 0.50, 0.60 or 0.70%-carbon steels? 

Mr. Wozny: No, the carbon should have been li 
range of the steel investigated 

Mr. Briccs: [his point is brought up since in the 
the paper, you did not specify what the maximum 
tent of anv of the steels you studied; you only gave 
which was 0.28 per cent carbon 


Mr. Wozny [hat should have been elaborated 




















iBSTRACT 






operation of cupolas in recent years as 





the improper preparation of cokes for foundry 


to determine the fundamental differences be 






bad cokes a method of determining the rate of 





ke to carben dioxide at the temperatures existing 





ustion is proposed. It is based on the analysis 





gases as a column of coke burns as nearly 







ssible Fron the relation of composition to 

coke column the rate of the reaction can be 
ati k P P aah 

calculated and tie core reactivil to carbon 






; 


ed as a functior temperature 





General Introduction 





Use OF COKE AS FUEL in a blast furnace and 





pola has arisen from the peculiar advantages 





ke over the other fuels in these processes The 





nsity, irregular shape, and structural strength 






eded to be of benefit in the operation of these 





ts because of the contribution to stack porosity 





increased volume of wind which can_ be 





Cavity is created as the coke burns, and this 





e decent of the change in the stack. Gaseous 





uld not give this advantage, and coal, by 





of its greater density, would only partially 





this condition. There would also be the waste 


! 
i¢ 








s 





enerally recognized that cokes from different 





from different cokit treatments, have un 


Oo 
1g 


properties when used in blast furnaces o1 





Some of these differences are made the sub- 






inalysis in the determination of certain physi 





perties such as shatter, abrasion, density, etc. 






roperties including structure, volatile matter, 





tent, etc., are also determined and reported. 






the hidden properties, which is more or less 





the rate of chemical reaction with oxygen, 






carbon dioxide. There is a feeling among 






at the rates of reaction with these gases be 






same for all cokes at the operating combus- 


iperatures, and that their study is of little 


ice. This may be more true in the ope ration 






t furnace than in a cupola since in the former, 






tment of Metallurgical Engineering, University of 


Lake City. I tah 





, SUGGESTED METHOD FOR THE DETERMINATION 
OF COKE REACTIVITY TO CARBON DIOXIDE 
AT COMBUSTION TEMPERATURES 


H. Edward Flanders’ 








the reaction goes completely to carbon monoxide just 
above the combustion zone. However, it is of distinct 
advantage to have a blast furnace coke which is highly 
reactive to carbon dioxide in the reduction zone so 
that, in effect, direct reduction by carbon is promoted 
by the more complete removal of carbon dioxide IT he 
pertine nt reactions are 
CO keQO CO Ke 
COs + ( 2 CO 


The addition of these two reactions gives 
( FeO CO h« 


which is the reaction resulting trom the removal ol 











carbon dioxide by the coke and represents the basi 
equilibrium in the presence ol coke 

In a cupola, the coke is not burdened with the fun 
tion of ore reduction in addition to the requirements 
for heat. The elaborate processes of preheating the 
air necessary to attain sufficient temperature in a blast 
furnace are not usually a part of cupola air treatment 
simply due to the fact that the carbon dioxide is not 
reduced completely to carbon monoxide, as in the 
case of the blast furnace, and the corresponding tem 
perature of the combustion gases are not lowered to 


such an extent 





Differences in Cokes 


In recent years, the rush for coke has markedly 
reduced the manufacture of hard burned coke tor 
foundry use, and cupola operation has become more 
difficult. It may be that this is due simply to the 
lower temperature resulting from the more complete 
reduction ol carbon dioxide to carbon monoxide whe n 
the more highly reactive coke of present manufacture 
is used. This handicap can be overcome by preheating 
and with this aid much less worry need be paid to 
coke quality. But such a course vives no knowledge 
about the basic reason for the differences in cokes as 
prepared currently in comparison with cokes prepared 
formerly and which are reputed to have been much 
better. It may well be that the coke reactivity, par- 
ticularly to carbon dioxide, is of paramount impor 
tance, and that in tests for this property, cokes will 


be found to differ greatly 

































—-nO0H 


COKI 





Methods of determining the reactivity of 


carbon dioxide at moderate temperatures have been 
developed Probably the best method is that ol ones, 
King and Sinnatt,! by which the reactivity at 1740 | 
950 ( is studied. No literature has been found 
which GIVES a method for such a determination at 
combustion temperatures and these notes are writtet 
to suggest such a method 
Suggested Method 

lhe reaction between carbon and carbon dioxide 
s a typical mono-molecular reaction in which the con- 
centration of only one reactant is changing The 
velocity of such a reaction in terms of the rate of 


hange otf concentration with time Is expressed by 
the standard formula 
rant 
k¢ Eq. 1) 
dt 
vhere C is the concentration ot carbon dioxide at any 


time ¢ and & is a constant known as the specific reac 


tion rate constant. Ihere are three unknowns and 
and the equation is solved when any two are detei 
mined. In the study of the above reaction, the rat 
dC dt can be found by taking the slope of the line 
which gives the concentration of COs as a function 
of ume. lo do this it is necessary to analyze the proc 
ess of combustion in a suitable manner so that the 
value of & can be determined. 


lo simplify the treatment let the following experi 
mental conditions and assumptions be suggested. 

\ column of caretully sized coke, of such height 
that equilibrium will become fixed after combustion 
has proceeded for a time, is contained in a uniform, 
insulated cylinder of moderate dimensions. The re 
fractory chosen is one capable of withstanding high 
temperatures with only a minimum of fusion so that 


the adiabatic as 


be considered as nearly 
Along the 


column, is a series of plugged holes, through 


process can 
possible. 
the 


side, parallel with the axis of 


which a prod may be pushed to measure the height 
of the the coke 
sponding with the height of the coke column can be 
made by 


coke as burns. Gas analyses corre 


suitable inte) 


The 


air 1s carefully measured and blown at a constant rate. 


continuous analyzers and by 
mittent checks with Orsat or Burrell equipment. 


With the data thus obtained, the composition ol the 
gas as a function of the height of the coke above some 
arbitrary such as the can be easily 


reference, tuveres, 


shown 


Assumptions Summarized 


Several assumptions may be summarized: 


|. Since the process is adiabatic, or nearly so, the 
temperature corresponding to any particular gas anal 
calculated. It this 
procedure, that the composition of the gas coming off 
the coke is the 


analyses been taken at that position when the coke 


ysis can be easily is assumed, in 


same as would have been found had 
column was much higher. 
2 The free the coke 


through which the gas moves is essentially constant 


space between pieces ol 


during combustion, or, for any particular size of coke, 


varies in a uniform manner, and can be taken as that 





coke to 


REACTIVITY TO 


PIVEN 


ples g 


t¢ mi pe rature 


durin 
of the 
tical 


lav 


‘ 


carbon and ash enter the 


about 


raising 


heat 


contents otf 
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by a bulk density determination 
iven below this tree spac Is taken 
Carbon 


enters the 


combusion at 
the Sé 


Th 


asSsurlnce 


as does the ash since 


e their descent in the column. 


coke, 


gas, and ash will be 


at any position, although there is p: 
g in the attainment of temperature unil 


The air enters combustion cold, 


/ 


zone under cons 
000 | 


thei 


{ 1650 ( }s 
t¢ mi pe rature. 


and heat is 
[he 


these substances are 


used 
equation 


basi 


reterences. 


Ihe quantities used in making the calcu 


the following significance: 


a cross sectional area of the coke colu 
b volume of air blown in cubic feet per 
f free space 0.30 in the exampl 
AH, heat content of reactants and product 
to heating 
AH heat of combustien 
I. temperature °R at reference 192°R 
(32°F) 
I temperature °R 
N fraction of carbon burned to CO, 
hi height above tuyeres in inches 
h height above 21 per cent COs level 
x per cent ash in coke 
\ per cent carbon in coke 
v; velocity of gases through coke at standard t 
perature in inches per second. 
\ velocity of gases through coke in inches 
second 
t time per inch in seconds at any positio1 
t time between 21 per cent COz level and 


particular position in seconds. 


Lhe 


may be 


b ft®/min 


a in.- { 


velocity of the gases through the cok« 
> calculated directly. 
1728 in.*/ft 28.8 b 


60 sec/min af 


As the combustion gases rise in the cupola the 


a conti 


partially compensated by the reaction of carbon dio) 


ide wit 
directly 


to reac 


Unde1 


action due to the loss of temperature whi 


; 


h carbon. The effect of temperature is gi) 
bv the ratio and the volume chang 
tion is given by the expression 1.21-0.2! \ 


the conditions of perfect combustion to CUO 


the volume of combustion gas is equal to that o! 


all 


The expression for velocity of the 


coke is 


In two of the examples given later, the 
was 750 cfm in a No. 1 Whiting cupola lined © -- 


blown when measured under similar 


’ 
conditions 


gas throug 


then 
°8. 8b I 
< = x (1.21-0.21 N 
af i; 
ol 
ner 
0.0585b lr’ (121 0.21 N,) in. s 


at 






Substituting in the above equauon gives: 
0.385 T (1.21 0.21 N Ea. 2 
d test the air blown was 400 cim, and the 
1g expression IS 
0.205 J] 1.2] 0.21 N iq 


med above, the calculation of the t mpera 
ie accomplished bv the usual procedure 
emperature 1s fixed by the composition of 
products of combustion. If carbon enters 
at a temperature above 3000 F, its contri 
the heat of reaction is exactly, compensated 
used in its preheating above this tempera 
ur enters into combustion at 535° R (75 } 


d the ash has the same temperature as does 





— 





) j , 
Relation between per cent CO. in combustion 
tion carbon burned to CO.. and theoretica 


combustion lé mperatures 


Original data ex pre ssed as pe cent CO , 


On 24S8eS at diffe rent levels of coke above the 


fuyeres. 






the carbon Above OOO F the ash is probably tused, 







and has a specihe heat of 0.30 Brus pel pound as 






given bv Allison Butts tor acid slags These cond 


vhicl 






uons are included in the following equations 


ire based on dri ill 






AH 92200 L24200N heat of combustio 
i carbon at d535°R Ot Ol mae) | in Btus 
AH 1868 2.997 7] 0.000497 4] 





content of carbon at |] R in Btus 






Summing 
AH IOSS0 12 4200N 2? QO7T 


0.000497 i] heat ol combustion at l R } 







Btus 





Lhe heat contents of the COMDUSLION Gases in Buus 














nay be calculated as follows from data given in ai 

ther pape 

AH, tor N 1.88 LSAN 1050 OU4T 
O.0001976 7 

AH. tor CO N 6530 11.1497 
0.000443417 

AH, tor CO N 1135 721) 
0.00019077 

AH, tor C above 3460°R 1650 ¢ 16330 

9 O97 7 0.0004974] 






AH, tor ash above 3460°R 1650 ¢( 









* (3.67 12460 






\ 





Summing the above equations tor the combustion 





products there results 





28080 





LOOION. + (23.54 
0.000623N ) J 


AH, gases and coke 
17.27N_) ] 








(0.001065 








x , 
ro] 12460 





\ 








At the theoretical combustion temperature this 1s 





equal to 
AH 50330 
0.00049741 


ind on combination there results 


124200N_ + 2.997] 








78410 1342 10N. 90.550 17.27N.) 1 
‘ — » , , 
0.00056] 0.000623N I | (3.6 17T-12460 
\ ( 





() 


Assuming that the coke contains 8 per cent ash and 


40 per cent carbon the following data were calculated 


and are plotted as a part of Fig. | from which the 











temperature for any N. can be taken 


I 





tee 












N 










0.00 485 025 1665 
0.20 935 5475 1915 
0.40 $965 S805 2100 
0.60 1515 1055 22535 
0.80 1680 $1220 2330 
1.00 1840 1a80 9490) 

















The temperatures check closely with those reported 





previously, 
The relationship between the CO, content of the 






combustion gases and N_ 1s also shown in Fig. |. 





By plotting the carbon dioxide concentration of the 





combustion gases as a function of the height above 





the tuyeres /, the data may be extrapolated, either 
mathematically or graphically, to give the hypothetical 
position at which 21 per cent CO, existed. It is this 

































height h ws determined 
and the COMpoOSItion 1s easily plotted with reference 


to this level. The choice of 21] per cent COs as an 


new reference from which the 


initial concentration from which to work is in con 
formity with the ideal setting of the problem 

Since the composition of the combustion gases is 
assumed to fix the existing temperature, this may be 
found by reference to Fig. |. By substituting thes 
values for N, and T in Eq. 2, the velocities of the 
gases can be readily calculated and plotted as a func 
tion of the height h. The reciprocal of the velocity 
is the time per inch ¢; and this can be also plotted as 
a function of fh and the algebraic equation found 
When ¢; is multiplied by / the time is evaluated 


ht t 


so that the concentration can be now plotted as a 
function otf time. This is the necessary condition fo1 
the solution of Eq. 1. But the corresponding values 
of C and ¢ for this curve have different temperatures 
so that by evaluating k by taking slopes of the lines 
at different concentrations of carbon dioxide, also at 
different but determinable temperatures, the constant 
k can be plotted as a function of temperature. 

\s an example of this method, some data reported 
earlier’ have been used although the tests were not 
made with more than a qualitative objective com 
pletely foreign to the present study. A more accurate 
experimental setting should be much more satisfac 
tory. The examples are used primarily as an illustra 
tion of the method of treating the problem. 


Three Preliminary Tests 


Data were selected from the lines representing the 
experimental results of three coke burning tests in 
which the COs content of the combustion gases were 
plotted as a function of the height of the coke above 
the tuyeres in inches. They are replotted in Fig. 2 
and are also given in ‘Table 1. The extrapolation of 
the curves, derived by the method of averages, to the 
21 per cent COz level is shown in Fig. 2 and given in 
lable 1. Curves redrawn with reference to the 21 per 
cent COs level are shown in Fig. 3. The equations 
for these curves are the same as for the original curves 
except for the different origins. The gas velocities 
calculated from the original data are included in 
Table 1. The functional relationship between time 
per inch ¢; and distance above the 21 per cent CO, 
level 4 (Fig. 4) and the total time ¢t are evaluated for 
each of the three cases. All the equations are included 
in Table 2. Figure 5 gives the data for the concentra 
tion of carbon dioxide as a function of time, and the 
derived slopes, dC/dt from which values of k and 
are calculated, are summarized in Table 3. The values 
for k, the reaction velocity constant, are plotted as a 
function of temperature in Fig. 6. The curves suggest 
several important items: 


l Che effect of temperature on Xk. 
2. The effect of gas velocity on k 


} The effect of coke size on k. 
All these effects are in the ex pected direction. More 
complete and accurate data might define each of these 
relationships quantitatively. Perusal of the curves 


58 CoKeE REACTIVITY 





ro CARBON DIOXIDE AT COMBUSTION Ty} 









Fig. 3—Original data expressed as per cent Ci 
combustion gases at different levels of coke 
hypothetical 21 per cent CO., lev 








Fig. 4—Inverse velocity of combustion gases 
ferent distances of top coke surface above 
thetical 21 pe cent CO, level 


suggests that the effect of velocity on turbul 

on reaction rate may be quite similar to the effect 
velocity on the rate of heat extraction tro | 
coils or straight pipes placed transverse to 
tion of the flow: or to the effect of velocity on Ux 
tion rate in towers packed with spherical 
both cases the rate of heat transfer is propo! 
some fractional power of the velocity. Inco! 

in the data are apparent but these may disappe*r W! 
proper conditions are provided. 












































Conclusion standardized conditions of test, and the results will be 
of the proper relative order. The assumption that the 
it may be said that a method of d properties ol coke are constant under combustion 
rate of reaction of coke with carbon conditions seems rather insecure. On the other hand, 
combustion conditions has been out it is expected that cokes do differ in this respect and 
the test may give values which are but that this difference will give an excellent measure of 
true, It 1s expected that the errors 1n the ability of the coke to give a high temperature at 
assumptions will be common unde1 a suitably positioned melting zon In a cupola 
SUMMARY OF SELECTED DATA FROM COKE BURNING Tests WITH CALCULATED GAS VELOCITIES 
Distance Above 
: Carbon Dioxide Temperature Gas Inverse 
[Duveres 21%, CO Velocity Velocity 
Level — Nr K I ( In. /See Sec. /In 
0 
LO 1.5 20 0.92 1785 $395 938 1R7o 0.00053 
Lf 6.5 l 0.51 $385 3995 2180 1862 0.00058 
2( 11.5 10.7 0.38 1200 $740 2080 1828 0.000547 
2 16.5 9] 0.31 1095 8635 2020 180 0.000554 
( 21.5 7.9 0.26 100° 545 1955 1790 0.000565 
0.5 7.1 0.2 :950 5490 1990 1767 0.000566 
10) 1.5 6.5 0.21 915 8455 1901 1758 0.000569 
v 
4 17.0 0.72 1630 1170 2800 1008 0.000992 
10 9 1] 0.39 1230 3770 2080 976 0.001025 
lf 14 8.8 0.99 1065 8605 1985 960 0.001042 
20 19 7.0 0.22 :940 8480 1815 949 0.001062 
r 24 5.9 0.18 {860 8400 1870 Q2R8 0.001079 
0 29 9 0.15 3800 $340 1840 920 0.001087 
4 i 0.13 $760 3300 ISL5 Q}9 0.001096 
10 3g , RQ 0.11 790 3260 1795 907 0.001103 
U 
10 
] 65 ».0 0.47 433 S875 9135 1834 0.000544 
20 11.5 R.8 0.30 070 1610 1990 1796 0.000557 
9 16.5 6 0.20 SRO5 $435 1890 1751 0.000571 
0 915 5 16 IR20 $360 1850 1725 0.000580 
°6.5 16 0.14 S780 $320 1830 1718 0.000582 
j s1.5 4 0.13 $760 $300 1815 1712 0.000584 
CALCULATED EQUATIONS FOR EXPERIMENTAL Curves, Derivep Curves ReFerReD TO 21% COs Levet, 
INVERSE Time, TIME, AND CORRESPONDING DATA 
Total 
Height Time 
Above Above 
Equation 21% COs CO 21% COs in sec 
( $4.64 917 h, 0.0572 h,2 0.000525 hy 14.58 0.00268 
( °1.00 L311 h 0.0438 h2 0.000525 h 10 11.7 0.00544 
0.000528 0.00000173 h 000000001 h 1° 9 40 0.00828 
0.000528 h 0.00000173 h2 0.00000001 } ) 8.00 0.01117 
25 740 0.01412 
0) 6% 0.01732 
) ] 3] 0.00501 
( 29 60 1.45 h, 0.0415 h,2 0.000433 hy, 10 11.04 0.01024 
( 21.19 1.364 h 0.0402 h2 0.000433 h 15 8 3] 0.01570 
0.000978 0.00000481 h 0.00000002 h2 ) 6.5 0.02132 
0.000978 h 0.00000481 h2 0.00000002 h 2 5.47 0.02715 
0 5.10 0.0331% 
) 15.54 0.00269 
( 19.24 1.169 h, 0.02275 h,2 10 10.8° 0.00556 
( 90.95 1.237 h 0.02275 h2 15 7.59 0.00853 
0.000515 — 0.00000497 h — 0.00000009 h ”) 5 31 0.01157 









0.000515 h 0.00000497 h2 
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From Fic. 5) AND OTHER DATA 






































remperature 














Case Ne Sec ( , CO» dC /dt k Ny *. I ( 
] 0.0025 15.2 1505 QQ 0.75 4670 4210 2320 
0.0050 12.) 944 79 0.61 4540 4080 2250 
0.0075 AL 635 6 0.52 4430 3970 9195 
0.0100 87 137 a1 0.46 4350 S890 9145 
9 0.0050 15.2 968 64 0.7 4670 4210 2320 
0.0100 11.95 603 54 0.58 4500 4040 2225 
0.0150 8.75 ,Qy 50 0.46 4300 8840 P1115 
0.0200 7.15 IRS i) 0.38 1230 3770 9075 
0.0025 15.25 1760 115 0.75 4680 4220 9395 
0.0050 11.4 1300 114 0.58 4500 4040 2225 
0.0075 8.6 94( 109 0.45 4340 3880 2140 
0.0100 6.7 660 99 0.36 4210 $750 2065 
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Fig. 5—Relationship between per cent CO, in combus- wr of 4 
tion gases and time of travel above hypothetical 2] = j 
per cent CO, level. | 
m | J i 
Lhe ettect of the several conditions of combustion | 
such as moisture content in the air, oxygen enrich- 
: > : , . . | i 
ment, coke size, or wind velecity should be readily i 
studied and evaluated by this method. While the 50r / = 
above calculations are for dry air similar calculations — 4 
° . ° . | a 
can be made for moist air by incorporation of the fy 
® . ° ° . ' ‘i 
principles given in this paper. f 
L vi 
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Coke Reactivity TO CARBON Dioxipe ar ComBustion 


De. FLANDERS Phat is not quite right The resist to 2 lal level in the cupola 


flow is due in part to the triction between what is going on in the 


coke surlace [he greater this surtace 
sumilai | ation where the the easiest path to follow. The relatively 


ction FLANDERS: Cupola gases go up the si 


One might consider it quite 


lubricant next to the metal does not move, thus requiring more feast one surface that is not responsible for 

movement in the body ot the icant. When the channels tion of flow of the gas Theve is los of 

are narrow the frici is effect hroughout ciange of direction of movement and, wit 

greater proportion of coke pieces most ot the pressure differen: 
Mir J ARSCHKE In actual practice do ot 

anes dio it duc ‘Or rather than to friction between the 


resistance presence ot small and large pieces is proba 
when we are using small coke Il wonde 


to friction or whether the load-bearing qualities t ok at mentioned earlier in the discussion 


Ihe tendency for the gases to move fastest 


those high temperatures is not a tactoi [hen, ot « 


not have pertect spheres We have large pieces and small pieces ing results in a greate) consumption of coke 


There is no degree of uniformity. When large and small pieces the tormation of a cone of coke at the center 
are mixed, the percentage of tree space is far below the theoreti is found in the extreme in a blast furnace 
cal 30 per cent combustion takes place at the center and a 
Then also with the small coke the reactivity rate is higher exists. But these conditions exist in a cupo 
ind when coke is oxidized by CO,, some of it 
CO. We then produce a larger volume of gases, do we not? of a cone of coke in the middle of a test fu 


Probably twice as much, and that creates 


is converted into furnace somewhat in proportion to diamete 


resistance to the flow in diameter would not be expected. It is on 
of the air too average analysis of the gases is thought to b« 
Dr. FLANDERS: That is right property of the coke \ test should then lx 
Mir J AES« HKE Also I would like to know 1! 1 21 per cent measure of the reactivity of the coke to CO 
of CO, was measured at the cupola wall give the effect of water vapor, oxygen enrichme: 
er unit area, and of coke size. From the 1 

Dr. FLANDERS That was taken as hypothetical The actual . 
all these can be determined as a function of 

concentration curve is extrapolated back to the hypothetical re 

Dr. FLANDERS {uthor’s Closure) Much of 
position of 21 per cent CO and that would be above the 


tuveres Ihe original reference was the 


this paper tended to interpret the results of th 


tuvere 
conditions existing in a cupola. Two facts mu 


Nir JARSCHIAKI [he was the outside the column ot coke? with respect to he paper 


Dr. FLANDERS No, it is an average for the bed l \ method ef determining a property o 


Mr. JAbSCHKE Do vou think that percentage of CO tion temperatures has been outlined 


form across the area? 2 rhe experiments chosen were used as 

Dr. FLANpers: I do not think it would be 

Mr. JAescuHke: I think in actual practice or in tests, if you 
go back to some of Belden’s work in the old inverted cone 
theory you would find that the inverted cone gets quite deep 
with the smaller size coke, that we do more melting on the 
outside of the cupola and confine it to a narrow band around 
and the center of the cupola is nothing but a gas differ in their high temperature reaction cha 
taken toward the center of the these should be differentiated by the use of star 


method of handling the data and not as 
perimentation with the method 

By knowing the property of a coke, even thou 
erty be determined only in relative values bet 
cokes, the operator can correlate the performance 


terms of the property of the coke It is quite 


the lining 
producer, If measurements are 
cupola, I think you will find that you get 

»? 


small coke, and this explains why in Case 3 that 21 pe 
theories of readily be inserted in the formula and calcula 


a deeper cone with The discussion of the pore space between [ 


r cent need not be extended Any determined valu 


cupola is higher than it should be because by all 


point should be lower than in Case | That However, some statements may be made with 


combustion that 
was the smallest coke you used 


Dr. FLANpersS: I have forgotten why that is 


metrical shapes 
I would have The maximum pore space between cubes, in 
bridging, is 50 per cent. The minimum pore sp 


to look it up 
cent CO, is about it the absence of bridging, cubes should pack so 


Mr. JAESCHKI Twenty-one per 
Dr. Franpers: In Table 1, the 
CO, level is indicated. For Case 1, it is 8! in. above the bridging between the coke pieces is dependent « 


Case 3 it is also 8! n. above the tuyeres. But 
it the shape of the pieces. The high pore space 


B. P. Mulcahy [“Foundry Coke: A Critical St 
TIONS, A F. A . vol 2? pp 819 R45 1944) } does 
834, where 


position of the 21 per cent space is between zero and 50 per cent The am 


tuveres and in of putting them into a container, the extent of 


it must be recognized that the tests studied were not made 


accordance with the procedure recommended in the paper 
Then too, the data were limited and extrapolation to 21 pet 
rhis hypothetical position in agreement with his Fig. 4 on p 


cent CO, mav be somewhat in error 
seems to be definitely less than 50 per cent. Howe 


of 21 per cent CO, was considered a suitable reference on which 
are not of uniform size 
he 


I wish to thank those who participated in tl 


their contributions 


to base the calculations of the velocity constant. 
Mr. Jarscuke: I am concerned more with conditions across 


the whole area of the cupola than I am with an average at a 











APPLICATIONS OF CORRELATION IN THE 
MALLEABLE IRON FOUNDRY 








ABSTRACT 





presents examples and a discussion of correlation 
and their possibilities as a useful tool applied to 


errs. 


ALMOST ‘NY FIELD we can think ol, it is often 
and sometimes necessary to observe the rela 
» which occurs between two or more variables. 
ition and regression analysis have been used in 
from the time scientists first became aware ol 
variables and tried to determine their relation 
[he techniques of correlation have been devel 
rough the years to the point that the accuracy 
predictions is almost unbelievable. 
specific fields in which correlation has been 
sstully applied are far too numerous to mention. 
ver, a few of them are: biological studies where« 
lity, environment, etc., are related to human de 
pment; agriculture in that crop yields depend on 
all, soil condition, locality, etc.; the field in which 
re all actively interested, economics. Here our 
omic condition depends on the supply of and the 
ind for goods and the factors that determine the 
y and demand. 
the present day foundry, we are continually con 
ed with problems too complex for solution by 
vation or rule of thumb methods. A few prob 
of this nature might be: How should the chemi 
mposition be changed to effect a certain change 
sile properties; o1 what factors cause scrap cast 
wr what effect does molding sand condition have 
sses; and many more that could be enumerated. 
often these problems are solved by reason that 
tain thing was done in the past so it should be 
now. Frequently, the conditions are known to 
inged but for lack of anything better, the same 
ysis is applied. In light of the success correlation 
jues have had in so many fields, it seems within 
to apply it to foundry problems. 
going into some applications in the industry, 
t be advisable at this point to discuss what is 
ion and what does it involve. If we take for 
xample one ladle of iron, analyze it for chemical 


* National Malleable and Steel Castings Co., Cleveland, Ohio. 
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composition and temperature, then test it for som¢ 
quality such as fluidity by spiral length, we can say 
For a given temperature, carbon percentage, and sili 
con percentage, we have a spiral of a certain length 
However, if we repeat our work at another time, it 
would be the rare case should the new data exactly 
fit our previous statement, regardless of the attempt 
to keep all conditions exactly the same as in the first 
test. This variation in results between the two ladles 
of iron is to be expected mainly for two reasons: One, 
the so-called chance errors, or changes from one test 
to the next in factors not measured or considered in 
the analysis: the other cause, the accidental errors of 
reading the calibrations of the apparatus. This does 
not mean the observer has made an actual error, but 
that he must estimate between calibration marks. For 
example, one observer might estimate the carbon 


7 ao 


YY 


analysis as 2.51 per cent and other observer as 
per cent. By taking a number of observations, thes¢ 
variations will cancel out to some extent and we take 
the remainder into account as will be shown late 

In the statement above about fluidity being related 
to the temperature, carbon, and silicon, we can draw 
no conclusions as to the relative effect of varying any 
or all of these factors. If, however, we continue to test 
ladles of iron as before until we have a set of data, 
we can evaluate these relative effects. We are quite 
accustomed to thinking of two or more things as being 
related when one of them can be expressed as a 
mathematical function of the others. It is in finding 
this mathematical equation that correlation and _ re¢ 
gression analysis are useful. From the evaluated equa 
tion, it is possible to determine the relative effects 
of each of the independent variables on the depend 
ent variables. Take, for example, the algebraic ex 


pression “x ly + 27”: holding constant and 
changing y by one unit will effect a change of four 
units in x; or holding y constant and changing z by 
one unit, will change x by two units. For the general 
case, the change in the independent variable multi 
plied by the coefficient of the independent variable 
gives the change in the dependent variable. Also, it 
is within limits of this equation that predictions can 
be made as to the fluidity of any ladle of iron, pro- 


vided, of course, that the test conditions have remained 
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the same except for the expected chance variations 


In the problems that arise with but two variables, 


we can plot the data on a graph and get some idea 
ot the relationship just by observation Also, with 
three factors the data might be plotted in some sort 
of a three-dimensional model. However, we cannot 
conceive of more than a three-dimensional system and 
the observation method breaks down bevond three 
variables. One distinct disadvantage of fitting in a 
line of data by observation is that no two persons will 
interpret the data the same way as to where the line 
should tall. By correlation and regression analysis, 
we can handle any number ol variables, being limited 
only by the amount of calculation time deemed wai 
ranted in the investigation. Problems with as many 
as sixteen variables have been successfully handled. 
[he number of factors to be used in our investigation 
can usually be limited by experience to three or foun 
ind thus keep the calculations trom becoming too 
involved or lengthy 

Whether the problems encountered in the foundry 
have two or more variables requiring either simpl 
or multiple correlation, they are, as likely as not, to 
be curvilinear, ie., the dependent variable may vary 
with the independent variable according to some 
curved relationship. Otten times it is better to sacri 
fice some accuracy by using a straight line rather than 
a curve to express the relationship as some of the uss 
fulness of operating personnel is lost when the cal 
culation. of the mathematical function becomes bu 
densome. [he actual techniques of analvsis are beyond 
the scope of this paper, but there are a number of 
reference books available.! 4»4° 

Lo be of value the results must be tested for signifi 
cance and put into a form readily understood by 
management and operating personnel. To the unin 
tiated, the technical language of correlation will only 
tend to confuse the issue, and the analysis is likely 
to be discarded as too complicated. 

Lhe aim ot this paper is to present a Lew problems 
encountered in the foundry which lend themselves to 
correlation analysis in an effort to show the applica 
bility of this technique. 

[he examples chosen are: 

1. Effect of delays on combined losses 

2. Change in fluidity of iron from furnace to pou 
ing station. 

». Effect of temperature, carbon and silicon o1 
fluidity. 

\n attempt is made to show the existing relation 
ships and value of the analysis, avoiding, as much as 


possible, all technical methods and terms 


Effect of Delays on Combined Losses 


\ problem of great importance to management is 
the influence of delayed or non-productive time on 
scrap losses. In this illustration, the delayed time is 
a daily average for the month of the hours lost in 
molding for all reasons (no cores, no iron, mechanical 
breakdown, etc.) and has the units of average daily 
molder hours. The combined loss is the monthly 
percentage of malleable iron production scrapped, 
both in the white iron and the annealed state. 













CORRELATION IN MALLEABLE Ip: 








\ plot ot the data (Fig. 1) shows a 
between the variable to be quite possib] 
the distribution of the points, it is ap) 
should a relationship exist, a straight lin 
well as the simple curves (parabola, hyp: 
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, 
fron of delay fire 


\ correlation coethcient tor the data ot t 


was calculated and found to be 0.95. This in 


is of no value without an expression of its significa 


It is tound that in 95* out ot 100 times ther 


definite correlation, and the coefficient will b: 


as high as 0.85.1 Both of these values, when t 








atl 


tor significance, show almost no chance whatso 


ot the two variables not being related, or conv 


tor all practical purposes, they will be related 100 


cent of the time. 


Knowing that the two variables are related 


us permission to evaluate a mathematical equat 


of the relationship, so that a practical use ma' 


made of the analysis. 


The line best fitting the data was calculated 


superimposed on the graph of the data (Fig 
line is known as the line of regression of 
pendent variable on the dependent variabk 
all our data fall exactly on the line, we could 
that for a certain delay time we can expect 
loss. Upon observing the graph, this is four 
be the case, as variations are noticed and 
expected from the reasoning given forth in 
ceding material. It is possible, however, to 
limits within which we can make predict 
expect to be right a certain percentage of 
\ value known as the standard error ol 


* The 95 out of 100 times bears no relation to 
tion coefficient of 0.95. That the numierical values 
is a coincidence. 
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easure of the deviations trom the line 
was computed from the data, and tound 
cent 


ing of this standard error might be best 


using a hypothetical case on oul eraph 


iverag daily delavs tor the month be 220 


+3 s we find the theoretical loss to be 13.75 


\pplving one standard error of estimat 


d minus the 13.75 per cent, we get values 


= 


Sixty-eight pea 


cent and 14.25 per cent 
me for a delay time of 220 molder-hours 
ct to have losses between 15.25 per cent 
er cent This, however, does not appea 

as we wonder what is going to happet 


2 per cent ol the time If we take two 


ors on each side of the line, this wil 


per cent OF all Cases, and three standard 
nclude 99.7 per cent, o1 practically all 
1) molder-hours delay, there is almost no 
he loss not being between 12.25 per cent 
er cent. These limit lines are the dashed 
a “1S,” “2S,” and “SS.” for an imcreas 


hours in the average delay, we can expect 


of 0.45 per cent in losses 

nuch vet to be done in the wav ot a com 
sis of this problem. For exampk might 
r\ which detects making up thre Oosses al 


vy delays and to what extent thev are 


Or. we might investigate the relative etlect 
Ss D Lite different causes ol delavs I his 

to b a complete mvestigatio! I th 
ut merely an example ot the usetulness ol 


| 
techniques 


n Fluidity from Furnace to Pouring Station 


it 
stion arose as to what happened to t 
it { the iron, trom the time it was run into the 
he lurnace spout, until it was poured into 
tso ls at the pouring station. Ihere was reaso1 
vers that furnace conditions were not wholly 
OU) flor occasional runs of low iluidity iron 


of which led to this investigation. Spirals 


U red at the furnace spout, and also at the 


station, into the same type of standard cor 


ty such tests were accumulated, the correla 

cient was calculated and found to be 0.58 

ce tests show a definite correlation in 95 out 

nes, with the coefhcient being at least as high 

Further testing shows practically no chance 

ita not being correlated when the coefhcient 

1 as 0.58, and only about 2 out of 100 times 

not be correlated when the coefhicient is as 

iting the line of regression gives the equation 

Pouring Station 1.72 + 0.68 Length 

e Spout. Thus for an increase of one inch 

irnace spiral, we can expect an increase ol 
es at the pouring station. 

indard error of estimate of the pouring sta 

spiral is calculated to be 1.70 inches, which 





» include practically all the cases we must add 





ibtract from the regression line, a value of 





ndard errors or 5.10 inches. This fact, along 















with th poservaliol ot tive Oo ( hata by : | 
cates a wide variation or spread to b expected ne 
results lhe numbers adjacent to pomtsain ky 

ire the numbet ol Sam pies hay lw coordinates o1 
values of the plotted points For example, ther ! 


eight samples having a furnace spiral of 16 inches ane 
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I 


judgment must be | 


nature, some eneginecrineg ipplied 


o the results. Statistics alone will neve provide i 


complete solution to the situation. In this case, upon 
nvestigating the method used in pouring the spirals 
several things were tound to exist that might intro 
duc chance errors Lhe one telt to be most important 
was that the observe rs were not too consistent in hold 
ing a constant time tor the moving of the iron fron 
Thus there was 


i possible chance error, in that the test on the pow 


the turnace to the. pouring station 


ing floor was not of the same tron that was tested at 
the furnace \lso, the conditions of the ladle were 
not taken into account, and such things as one ladle 
being colder than the others would bring in varia 
tions. Had there been a great many more than the 
10 observations made, this chance error would have 
had more of an opportunity to cancel itself out and 
reduce the variation It Is quilt possible to COM pte 
the number of variations required to reduce this varia 
even with this com 


tion to a desired value: howevet 
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putation we must use judgment in deciding between 
the results wanted and the economics of taking a great 
many observations. A laboratory analyst often takes 
but a very few samples and works with a high degree 
of precision, while someone like an insurance company 
Statistician might take upwards of a million peopl 
to be sure his results will be representative of the 
population. In general foundry practice we are not 
able to work with high precision, nor are we able 
to take thousands ol samples. We, therefore, must 
decide on a medium that will give acceptable accuracy 
with a minimum of samples 

Ihe conclusions to this investigation must be that 
we are definitely sure of a correlation between furnace 
spiral and ladle spiral, but the variation is of an order 
and magnitude larger than desired. The analysis 
should be repeated in an attempt to reduce the varia 
tion and make the results more practical. In the 
repeat analysis, it would be wise to take more samples 
than 40; possibly as many as 100, and to more closely 
supervise the observation in order to obtain a higher 


devree of precision. 


Effect of Temperature, Carbon and Silicon 
on Spiral Length 


[his investigation was run as a repeat analysis to 
determine whether the melting process had remained 
substantially the same over a certain period of time. 
At the time of the original analysis, it was found that 
fluidity was definitely dependent on temperature and 
carbon, but not too dependent on silicon over the 
range of the process. For this study, 21 spiral samples 
were taken at the furnace spout, an optical pyrometer 
temperature measurement being taken at the time of 
each sample. The samples also went to the chemistry 
laboratory for quantitative analysis as to carbon and 
silicon content. Assembly of the data and computa- 
tion of a correlation coefficient gave a value of 0.245. 
Testing this value for significance shows it to be in 
the region of uncertainty; i.e., we cannot be sure that 
there is or is not a correlation. The test of the coefh 
cient revealed that there would not be a correlation 
7 times out of 100. A value of 5 out of 100 has been 
in common practice; but since this result was so close, 
it is not safe to draw a conclusion on the basis of the 
significance test. The fact that this analysis had been 
run in the past and a correlation found was enough 
of an indication to conclude that a correlation cxisted 
in the present data. 

Upon evaluating the equation, however, radically 
different results were obtained in the effect of tem- 
perature and carbon on spiral length or fluidity. The 
results of the first investigation showed 0.01 per cent 
of carbon to produce the same effect as 1° F change in 
temperature, while the present analysis required 22° F 
to equalize the effect of 0.01 per cent change in car 
bon. On the strength of this difference, it was advis 
able to discount the results of the second investigation. 

No definite conclusion can be drawn as to the reason 
for the great difference in results between the two 
analyses, except for two facts worth noting. First, the 
spiral in the first investigation was poured into a green 
sand mold, while a drv sand mold was used in the 
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second case. Also in the first investigatio 
were taken with but 40 in the second 






shown that the number of sample has ; 





effect on the variation; the variation di 





an increase in sample size. As to whet! 





ence in these two cases was due entire] 





samples, or entirely to the data not being 






or to a combination of both, we cannot 





sav, however, that a correlation exists: b 





ated relationship does not warrant its 





and the investigation should be repeat 





effort toward reducing the chance errors 






Conclusion 







































In closing, it might be said that neith 
ples nor the discussion is meant to be 
treatise on correlation techniques applied 
dry, but merely an effort to introduce 
possibilities. 

The examples were chosen to show that 
does not give a definite ves or no answer to 
but provides us with a tool that may bx 
used in judging a situation. 

Ihe reader can well imagine many moi 
in his own plant where such applications might 

The author wishes to thank Dr. H. A. Schwa 
W. K. Bock for their assistance in reading th 
script, and in furnishing some of the materia 


sented. 
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gr per cu ft, and this was done over the perio 
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time. All this information was plotted and it defi 

that the scrap losses were higher as far as shrinks a1 

were concerned when the moisture content of the au 

from 4 gr per cu ft up to, say, 10 gr per cu ft. We! 
This matter of correlation is important, to be c 

losses in the foundry. Another application whe 

every day is in the plotting of various types of 

which occur with the changing of certain raw mat 
Harry Graviin:* We are able to confirm the ¢ 

on absolute humidity vs porosity on camshaft ¢ ngs 

results were obtained at a moisture content of less (a 

per cu ft. It is interesting to note that the author 

same type of work. On the basis of our exper! 

over a period of a year, we are installing one unit 

control in our cupola blast. This unit is designe 

blast of 11.000 cu ft at a minimum moisture c 

per cu ft. We hope that it will confirm experim 

the correlation between scrap and moisture in 
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he soiution heat treated and aged condition, 
ee found in commercial practice to be slightly 
the solution heat treated condition, HT, in 

he Specification 4N-M 36 This discrepane can 
on the basis of the stress-strain curves for these 


considering the fact that the commercial quai 


inferior to that obtainable in laborator tests 
improve the properties or to reduce the time 
aging, the properties of test bars were determined 


y at various temperatures and (b) after “step-aging”’ 


ferent temperature s, first at 250 F and then at 350 o7 

laboratory tests and trial production runs revealed 
eplacing regular aging by step aging, (a) the strength 
ition can be raised distinctly, for a given aging time, 


agin time can be reduced significantly for a gtven 


i properties 


Introduction 


[HE PRESENT INVESTIGATION originated in two 
rvations made in the magnesium foundry of the 
man Bronze and Aluminum Co., Cleveland, Ohio, 
a period of several years. They relate to the 

st common heat treated magnesium casting alloy, 
laining six per cent aluminum, three per cent 
and 0.2 per cent manganese (AZ63). This alloy 
wered by the Army-Navy Aeronautical Specifica 
\N-M-36 which refers to this alloy as composition 
\" and specifies the properties assembled in Table | 
minimum values for two conditions of heat treat- 
nt, the heat treated (HT) and the aged (HTA) 
ditions.* 
lhe first plant observation relates to the respective 
perties of these two conditions. In commercial 
ictice, little difficulty is encountered in meeting 
properties specified in Table 1 for either condi 

\lso, the increase in yield strength and the 

rease in elongation by the generally used aging 


Metallurgist, The Wellman Bronze and Aluminum Com 
Cleveland, Ohio. 

-Director, Research Laboratory for Mechanical Metallurgy 

Professor of Physical Metallurgy, Case Institute of Tech 

gv, Cleveland, Ohio. 

[he designation “heat treated” used throughout this paper 
to the solid solution heat treated condition, and the 

gnauon “aged"’ to the solution heat treated and artificially 


dition 
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AN-M-360 SPECIFICATION PROPERTIES 
OF ALLOY STUDIED 


LABLE | 


















Lensile Yield blongation 
Condi Strengt! Strengt n2in 
won psi psi Per Cent 
Hl 2 OOO 10.000 
HIA 54.000 16.000 














treatment at a temperature of 350 F tor 16 to 18 In 





corresponds to that derived trom the specifications 
However, the diflerence of 2000 psi in the tensile 


strength values of the aged and solution heat treated 








conditions respectively, expected from lable 1, was 
not verified in the foundry. On the contrary, as illus 
trated by frequency curves for a large number of 







tests, Fig. 1 to 5, the tensile streneth ol the aged con 





dition was found to be, on the average, more than 
500 psi lower than that of the heat treated condition 
This tensile strength was rather close to 39,000 psi, , 
or slightly lower than the value of 40,000 psi reported 
by Nelson,' for both conditions. 
Ihe second plant observation was that, as the result 
of some difhculties with temperature control, certain 








heats were subjected to “step aging,” consisting of 
aging at 250 F for three hours, followed by aging at 
850 F for 13 hr. The strength values for such speci 
mens appeared to exceed those previously encountered. 
As a consequence of this observation, the entire pro 
duction was subjected tentatively to step aging. The 
tensile strength of test bars in this step aged condition 
was found to be decidedly higher than that of no 
mally aged test bars, and also of those in the heat 
A comparison of the 









treated conditions, Fig. 1 to 3. 
production for consecutive time intervals consisting 
of one month each, in which the aging treatment was 
different, also showed that the elongation was con 
siderably increased by this step aging, while the yield 
The test bar 







strength remained practically the same. 
properties prior to aging were, according to Fig. 1, 
ideniical in these time intervals. Therefore, the ob 
served changes in the aged condition were caused by 
the change in the aging treatment. 

In order to substantiate these observations, extensive 
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curves for solution treated (H7 
1 magnesium casting alloy during two co ig. 3—Comparison of the frequency curves | 
ve time periods (each test repre sents a different ml isting alloy (AZ63) in different he 
melt) conditions 
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Stress-strain curves showing various combine 

strength and elongations for the heat treated 

l)and the aged (HTA) conditions of a magnesium 
base casting alloy. 









tory tests were initiated. The object of this 
tigation was two-fold. First, the actual changes 
isile strength on aging the magnesium casting 
vere to be determined, and the discrepancy 
d above was to be explained, Second, the type 
ignitude of the benefit which may be derived 
step aging treatment was to be determined. 
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Material and Procedure 






Various heats of a magnesium casting alloy contain- 
er cent aluminum, $3 per cent zinc, and 0.2 per 
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Fig. 7—Effects of two step aging at 250 and 350 F fo 
a total time of 16 hr. 











cent manganese were used tor this investigation. I his 
alley is covered by the specifications AN-M-36, It 
carries the ASTM designation AZ63, and is also known 
AM265 alloy. 


lest bars were poured in the foundry of the Well 


in industry as Dow H, or 


man Bronze and Aiuminum Co. under controlled 
commercial conditions. The metal was refined at 
1350 F with Dow 310 flux by vigorous stirring for 
2 min. It was then superheated to 1650 F for 5 min, 
allowed to cool to 1480 F and, at this temperature, 
eight tensile test bar molds were poured off from one 
crucible. The molds were of the two-bar type, and 
were made of green sand. 

The solid solution heat treatment consisted of insert- 
ing the test bars into an air convection type furnace 
at 500 F, holding at 640, 670, 690 and 710 F for one 
half hour each, and at 730 F for 12 hr. The test bars 
were then removed and quenched in an air blast. 

For the aging treatment, the test bars were inserted 
into the furnace at the aging temperature. In the 


case of two step aging, they were left in the furnace 
while the temperature was raised. 
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lest bars which contained visible porosity or inclu 
sions, which exhibited a large grain, or the micro 
structure of which revealed the presence ol eithe 
beta phase, either in the form of massive white areas 
or in the form of lamellae were re¢ jected. 

Stress and strain values reported here are (with very 
few exceptions) averages of at least 10, and up to 24 
individual tests. In a preliminary test it was found 
that the average tensile strength value obtained from 
four test bars contormed to the ex pected ideal value 
within 200 to L000 psi. Even if a considerably large 
number of test bars was used to obtain average values, 
the accuracy of the test values appeared only slightly 


improved 


Results and Discussion 


LHect of Regula {oing 


~ ~ 


lo determine the basic etlects of regular aging 
treatments, flour series of tests were made. Solution 
heat treated test bars were aged for various times up 
to 500 hr, ait temperatures of 250, 300, 350 and 400 F 

[he effects of aging temperature and time are illus 
treated in Fig. 4. The change in properties for this 
alloy tollow the weii known general pattern. In agree 
ment with many other alloys, slightly better combina 
tions of tensile strength and elongation are obtained, 
the lower the aging temperature.” However, this rela 
tion cannot be commercially utilized to any larg¢ 
extent, because very long aging times are required 
at temperatures sufhiciently low to yield an advantage. 
Within a practically feasible aging time of less than 
2+ hours, the lowest temperature to produce satisfac 
tory aging is 350 F. 

lo illustrate the differences in the effects of various 
aging temperatures, the test data assembled in Fig. 4 
are replotted in Fig. 5, using the elongation as abscissa 
and the tensile strength as ordinate. Because of the 
small magnitude of these differences, which do not 
always exceed the variations in the test data, the accu- 
rate position of the various curves in Fig, 5 is uncertain. 
However, this graph clearly illustrates two facts. First, 
as discussed above, the highest strength attainable at 
a certain aging temperature decreases with increasing 
temperature. Second, increesing the time (going to 
left in Fig. 5) beyond that required for aging to maxi 
mum strength (i.e., overaging) causes considerably less 
favorable combinations of strength and elongation 
than shorter aging 

\ccording to the results of the laboratory tests in 
Fig. 4, 
psi ove that of solution heat treated test bars should 


(i.e., underaging). 
an increase in tensile strength of at least 1500 


be obtained on aging at a temperature of 350 F for 
l6 hr. These tests vielded an average tensile strength 
of approximately 41,000 psi and an average elongation 
of 15 to 16 per cent for the heat treated condition, 
while the tensile strength was approximately 42,500 
psi, and the elongation 8 per cent for the bars aged 
for 16 hr at 350 F. However, it must be considered 
that the test bars which vielded these results were cast 
under close control. On the contrary, the less rigidly 
controlled casting of test bars in ordinary commercial 
practice resulted, according to Fig. 3, in an average 
tensile strength of approximately 40,000 psi for the 
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Fig. 8—Effects of two step aging at 250 F and 
for a total time of 8 hr. 







heat treated, and 39,000 psi for the aged condi 





with corresponding average elongations of app 





mately 14 and 5 per cent, respectively. 






[he apparent discrepancy between these results 





readily explained by the respective differences 







elongation. Each of the two heat treatments is cl 





terized by a well defined stress-strain curve. | hes 
shown in Fig. 6, as derived from a number ol 
The cast quality of a test bar does not affect th: 








tion and shape of its stress-strain curve, but on!) det 





mines its terminal point. The coordinates of this 





minal point are the elongation and the tens 
strength.* For the heat treated condition, the eclong 
tion of 15 per cent observed in the laboratory 









thus corresponds to the observed tensile strengt! 
£1,000 psi. 
cent then determines a tensile strength of ap} 
mately 40,000 psi, which is only 1000 psi lowe 
the laboratory value. For the aged condition 
elongation of 8 per cent observed in the la oral 






The plant average elongation of 14 









* This applied only to metals which do not exhi necking 





in tensile tests 
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lf Effects of two step aging at 250 F and 400 F 


for a total time of 4 hr. 


shes a tensile strength of approximately 42,500 
[he plant average elongation of 5 per cent then 
sponds to a tensile strength ot 39,000 psi, Ol 8500 
wer than the laboratory value. 
lhe above mentioned observed differences in elon 
mn between laboratory and plant tests are probably 
very accurate, since their magnitudes aré rathei 
However, the discussed relations would also 
vy if the elongation ol both conditions of heat 
tment decreased by an equal amount because ol 
erfections in the cast structure. 
is, a decrease in the cast quality reduces the 
strength of the aged condition considerably 
than that of the heat treated condition. The 
nations of minimum strength and elongation 
lable 1 are also added to Fig. 6. This graph 
illustrates that the allowance made by the 
cations for an interior casting quality is con 
lv larger than for the heat treated (HT) than 
aged (HTA) condition. Consequently, specifi 
s should allow for the minimum teisile strength 
aged condition a smaller rather than a larger 
than that of the heat treated condition. 





Effects of Step Agu 
In order to investigate the effects ol step aging and 
to develop optimum treatments, the tollowing threc 
series ol tests were made 
Serres 1—lotal aging time 16 hr, first at 250 F and 
then at 350 I 
Series 11—1otal aging 
then at 400 | 
Serves 1/1/—1otal aging time 4 hr, first at 250 F and 
then at 400 I 


In each series, the first aging time, at 250 F, was varied 


4 4 


time & hr, first at 250 F and 


between zero hours and the total aging time 

The results of the tests are assembled in Fig. 7 to 9 
The first (left) point on each curve corresponds to a 
possible regular aging treatment. In Fig. 7, it corre 
sponds to aging at 350 F tor 16 hr, in Fig. &, to aging 
at 400 F tor 8 hr, and in Fig. 9 to aging at 400 F tor 
t hi In each series, a better combination ol propel 
ties was Obtained by a certain step aging treatments 
in which a traction of the total aging time was con 
sumed at 250 F, than with aging at a single tempera 
ture. This is further illustrated in Fig. 10, which con 
forms to the previously discussed Fig. 5 

In order to evaluate the benefit which may be ob 
tained from step aging, it must be first considered 
that a substantial reduction in yield strength cannot 
be tolerated This restricts the range of treatments, 
the results of which are shown in Fig. 7 to 9, such 
that the aging time at 250 F should not exceed one 
halt of the total time 

Various step aging treatments conforming to this 
requirement of maintaining the yiela strength cannot 
be derived from the tests conducted thus far. In gen 
eral, for given aging temperatures and total aging 
time, step aging appears to result, according to Fig. 7 
to 9, in an almost constant or slightly increased yield 
strength and tensile strength, while the elongation 
may be raised up to | or 2 pel cent above the values 
obtained on aging for the full time at the higher 
temperature. 

Because of their small magnitude, these effects can 
not be established quantitatively, in spite of the con 
siderable number of test bars which supplied the aver 


age properties, plotted in Fig. 7 to 9. Consequently, 
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Fig. 10—Combinations of tensile strength and elonga 
tion obtainable on step aging for a magnesium base 


casting alloy. 
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conclusions drawn trom the results of the laboratory, associated with a higher vield streneth 


tests contain a considerable factor of uncertainty. Such mediate stages. 


statements, therefore, must be considered primarily IL his microstructure of the partially (ane 


is suggestions for turther work on a more elaborate precipitated conditions alter regular agi 


basis than was possible here. It appears that the test to be distinctly different for different ac 


results will vield the tollowine relations, with the tures Lhe lamellae in the precipitates 


above mentioned restrictions thinner and close togethe) the lower tl 


1. Of the three series investigated, step aging at perature At lowe aging temperatures, tl 


50 and 350 F (Series I), Fig. 7, vields the best com appeared to be of 
properties. However, if for a given At the higher aging temperature, long 


series and improvement achieved by step aging, ove resulted in some breaking up and coagul 


the properties obtained on aging at the higher of lamellae. Furthermore, according to som 


little influence in tl 


Dination ol 


the two temperatures (for the same total aging time »bservations by Hess and George,' low 


considered, st p aging at 250 and 400 F tor a total aging causes a more uniform precipitation 


ol 4 hr (Series II), Fig. 9, appears to the grains, or “continuous precipitation,’ 


l 


avine time 


vicld the largest effect. On the other hand 


pears that aging at 250 and 400 F tor a total time tion by completely precipitated areas, oO) 


olf 8 hr (Series Il), Fig. 8, vields properties only 
LOO Lhe microstructure of specimens subjec 


it ap the gradual replacement of the suppressed 


ous precipitation,” described above 


slightly higher than those obtained on aging at 
ik for 8 hr. This must be attributed to overaging agine exhibited distinctly finer lamellae tl 


’ It must be mentioned that the values deter the material aged at the higher of the ty 


mined in production differ from those of the labora tures used in step aging. Step aging tor a 
resulted in a structure and in properties s 


tory tests in one significant respect. Lhe commercia 
obtained at a temperature intermediat 


st p aging treatment which was selected on the basis those 
two temperatures of step aging alter a 


ot a tew plant observations consists of aging at 250 the 


Kk for 3 hr and at 550 F for 13 hr. It vielded a con ably longer aging time. 
siderable improvement in elongation (Fig. 2) which 


exceeds that expected from the laboratory tests 
va Further Benefits from Step Aginc 
Kig. 7 No explanation can be elven tor this Poe 


discre pancy Step aging of magnesium allovs has alr 
found commercially interesting because o 
Microstructures provement in both tensile strength and elo 
which can be obtained for a given (or slightly 
In order to reveal cap: structural ory 4 th aging time. The benefit derived from such aging 
difference in properties between regularly and_ step 
5 a decrease in rejections. In a_ properly cont 
aged material, a microscopic investigation of a num beet ehite 2 nt 6 setiitnaantinie a littl aes 
ber of specimens was made. Ihe heat treated condi Se ee eee nh 
\ considerably larger benefit would result 
tion consists mostly of uniform solid solution crystals, ubstantial reduction in the total aging time. ( 
: s Sti < < dA? 4 
with some heterogeneous inclusions (Mg,Si, Mn) , both . . 
; S e] 1 I conclusions in this respect can be drawn trom a « 
‘ or; f f ' grain. ! - . 
it the grain boundaries and within the grain c parison of Fig. 7 to 9. As discussed previoush 
microstructure of aged metal always shows a certain . . ad 
time required for complete aging decreases wit 
percentage of apparently retained solid solution crys creasing aging temperature. Simultaneously, th 
° < s 4&5 ~ « ° « : 
Li ! < 1¢ ‘ re jitated a a . 
us, while the remainder c se ol mt - “ orn erties of the fully aged material decreas 
1 : appearance ) Dei , s . l erTall . i . 
nilar in appearance to pr - ~ = tex — oo quently, the improvement derived from step 
truct agreem X-ray vestigation a . 
erie sebeodter, lt a ee X-ra = 5 , may permit obtaining the same properties as in ¢ 
seg yn he er peering, ging, an — ising pol ventional aging (350 F for 16 hr) within a 
tion i a solution decompose aimost) to 1ts . : . 
on of the sold : aps shorter total aging time. From the tests discusse 
equilibrium condition, while the remainder is subject far, for instance, it appears that on aging at 250 I 
ar, eS ‘ ‘ aging at 2 


to a very slow precipitation process. 11% hr and at 400 F for 2% hr. a tensile stret 
9 < < = 9 , < .' : 


he aging , - ynsik ( = . - 
Ihe aging treatments which are considered most almost equal to that of commercially aged (HTA 


' 


interesting commercially, are those which develop metal. associated with a markedly increased elong 
maximum tensile strength at any given aging tem tion, may be obtained. The yield strength 
perature, e.g., 16 hr at 350 F and 4 hr at 100 F (Fig. 4 to be slightly lower than after aging at 350 1 
and 5). Che microstructure of such conditions gen ever, this reduction is insignificant and 
erally exhibits precipitated areas only over 25 to 50 onleened 

per cent of the cross section. Metal which is subjected In order to confirm this conclusion, a p 
to aging for longer times than necessary to develop was carried out in which 101 solution heat 
a maximum tensile strength is called “overaged.” test bars of regular commercial production 
Such excessively precipitated metal apparently has aged for 1 hr at 250 F and jor 3 hr at 400 
— commercial significance, bec Ruse  pomescs time required to bring the furnace up from 
both lower tensile strength and elongation (possibly 100 F was 20 min, rendering the total agii 
approximately 414 hr. The properties obtain 
this step aging treatment, represented by 


* This condition is used only if stability at elevated tempera : ; 
quency curves in Fig. 11, were found to be n 


tures is of primary importance. 

















stinctly superior to those ot the comme 


HTIA) production. For bars which were 





the tensile strength was the same as that 





en the regular commercial aging, while 





ld streneth and elongation were slightly 





is a benefit in properties was derived trom 


spite otf a 7) per cent reduction in te 
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Frequency curves for step aged (250 F, Myr; 


hr) test bars of a magnesium casting alloy. 








pears possible that some intermediate step 





can be developed which vields both a gen ral 





ment over the present practice and a saving 





time. According to the results of this investi 





other promising combinations of aging tem 


75 F. o7 





mav be 250 and 375 F, 275 and 3 










Conclusions 






ollowine conclusions can be drawn from this 





ition of the magnesium casting alloy AZ63: 





Long time low temperature aging of this alloy 





s a better combination of properties than that 








with a short time high temperature aging 






By means of a step aging treatment, a highe 





strength and greater elongation can be obtained 






ose resulting from the standard commercial 
nt (HTA) of the same length of time. 
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DISCUSSION 


( ” l Brow? Magnesium Fa cal D Hye 
\luminum ul Brass Corp \dria Micl 

( ( 1 ” \ I RUPP! Ben Product LD) Bend 
Aviation Corp South Bend. Ind 

\ I Sick I cle he ‘ r ‘ ‘ ‘ 
sulicient consideration to the ove vil etiect if ppare 
is produced by treatment for 16 hr t 0 | It appe s tror 
the curve in Fig. 4 that this treatment may be reducing the 
tensile strength and eclongation below pe ik values Lhere 
the possibility that this factor is playing an important part 
some of the results that the author obtained with the step 

ne treatment Evidence of the merits of the tep aging 
treatment would have been more onvincin f the authors 
had included some curves showing the effect of agin it 400 I 
without the preliminary 250 F a The question remains 
as to whether practi illy all of the ! was imparted by the 
100 F portion of the treatment 

Let us consider the last treatment of 1 hr at 250 F pius 
hr at 400 F in Fi +. What were the propertics obtained with 
just 3 hr at 400 F? Did the authors n anythir I that 
preliminary hour at the lower temperature ? 

Mir. Varco I believe that caretul study of Fi | nad 9 
will point out the benefit obtained by the preliminary hour at 


250 F in the step age In an investigation of this type the 
differences in results are rather small. Unless you test a reat 
number of bars, it is extremely difficult to be absolutely sure 
that it is not just the natural difference in pouring one part 
cular heat of test bars. We feel that with the large number of 
test bars tested over this period of the investigation we d 


show as accurately as possible the effect of step aging 


A r 7 r { Amer 4 ( 























DESIGNING STRAINER CORES 


By 
H. L. Campbell ° 







{IBSTRACT delay in production. 
Strainer cores are employed to control the 

































































































































































] y y ¢ , 3 
’ 6) : ’ of metal from pouring basins or to regulate 
ischarge il f pouring basi ' of metal in gating systems. If the stream of 
netal in gating systems. The size and number of holes from a pouring ladle is not restricted, all non-meta ‘ 
© CELSTRNS OE TENS GF Wen He Wes Par material is necessarily washed directly into the cast 
( i metal Selectt« i a Be . . 
ems By providing a restricted area in the gating syst 
r 18¢ eC ¢ l¢ ¢ ile - : o 
any material lighter than the metal will be flo 
out and will not enter the cavity for the casting 
In the making of small molds, a strainer co: 
CHE A.F.A. CORE TEST COMMITTEE has been mak- often placed near the bottom of each sprue. During 
ing a study of the uses of strainer cores, with the ulti- the pouring of these molds the sprue is kept { 
mate purpose of proposing certain standard shapes with metal so that any slag delivered with the 1 
and sizes for the foundry industry. When definite will remain in the sprue. To aid in the pourin \f 
designs of strainer cores are generally adopted, the large molds, a pouring basin is usually provided 
equipment needed to make these cores will be simpli each mold. By restricting the discharge of metal f1 
: 4 « . Ss atx al 
: ». ' . > 2 ‘ , 
fied. I attern shops can then provide prints of the the pouring basin, any slag from the ladle wil 
established dimensions on all pattern equipment. At retained in the pouring basin 
; , ° . 5 . . 
jobbing foundries where large numbers of differe nt Many designs of strainer cores are used regu 
patterns are received, strainer cores of standard Sizes in the foundry. Although attempts have been mad 
may be taken directly from stock and used without some plants to simplify and standardize on strainer 
* Metallurgist, Western Foundry Co., Chicago cores, no united effort has been made previous) 
. 
O | O O 7 
060 OOO | O O O 
ze is 
© 4 
0010 O}/sF + 400+00 HE 00+06 Oh: 
oO it 
FS O | 
ove Ft 0909 /| OoVo0 
| O | 
: l F 
SC 242-4 mn 
iX 
eti 
O OV 
O0900)\ ; 
— ly 4 
0-0. 0-0-7 " 
— a J Alsi 
OOV0O0O ; 
O . 
\ 
a : 
Ol 
i eel << 
y, = 3 sele 
SC 32-12 SC 34-16 SC 4-20 rem 
1 
Fig. 1—Sketch showing seven proposed strainer core designs. 




















\BLE 1—STRAINER CoRE DIMENSIONS DISCUSSION 














Thick- Diameter Number Total Are 


ul Area ‘ i J. A. RaAssenross, Americ Stec Fe lries. Fast 
.D., ness Single of of Holes, Delivers nd 





O-CHAIRMAN ZIRZOW 
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“ - 1 nel \ 
. . Ta cores I he ire used i ray ol an eabl sh 








ot how many different Vypes of st ri cores were 









} / ' ' rt 
We found nat there were is mans cdittere tvpes of strane! 









cores as ther 








man as 15 on 0 different {[vpes 














NIE MBER 


It is stated I the D> « i rhe Hoes ma i 























standard designs of strainer cores for the straight’ or tapered, depending upor equipment used 
the entire industry making the cores. The tapered hol pass more iron than a 
straight one It depends upon cl iv vou set the taper of 
iquid metal comes in contact with an oil- the strainer core in the basin. In the upside down position, it 
the bonding material is destroyed by the will pass more iron than in the right side up position, The 
1 the metal, which causes a gradual disinte- — oe . prenag fing quickly and will turn the core upside 
f the core. As the conductivity of heat ee eae ee eh eee 
‘ F . Mr. CAMPBELI In our experiments « delivery rate ve had 
the core is relatively low, this destructive s plain straighet-cdieed orifice. There ave uo doubt, seme factor 
TESSECS slowly. lo withstand this effect of involved in the shape and sharpness of the edges as well as in 
the sections of a strainer core must be of the thickness of the core that would affect delivery rate to some 
thickness to hold together until the required ema ‘his would be reiatively minor as far as we are cx 
‘ : cerned We cannot possibly get extreme accuracy because there 
t of metal has passed through it. ire many variables involved in the delivery from orifices 
\frer examining many designs of strainer cores now Che purpose of tapered holes in cores is to help in the 1 
se, it was concluded that 14 in. of core mixture moval of the cores from the core box. As has been stated, it is 
: : ; possible that you would get different deliveries with different 
the holes was adequate for most applications. ancies in the shape ot the orifies This is not serious from our 
ther words, a strainer core should serve its pur- general point of view of the delivery from these standard shapes 
se until 14 in. of the material around each hole is ind designs of strainer cores 
sroved by the heat from the metal. Furthermore, Co-CHAIRMAN Zirzow: Reference was made to the case of a 
q molder just turning the core upside down, so he would increase 
thickness of strainer cores should be based on the the flow of the metal. That is a problem in supervision—to 
es to which the cores are subjected. The large1 restrain the molder from doing that Ihev evidently do that 
imeter, the greate1 should be the thickness. because they are running into a misrun or into a strain, | 
' : : , = ; have seen that happen many times in our own plant where the 
ite Size and number of holes in a strainer core molders will switch from a 7-hole strainer core to an & or 9-hole 
rmine the rate at which metal will pass through strainer core because they are getting misruns. I do not think 
core under a given head of metal. Openings we can get any standardization if we are going to let the 





molders change strainer cores at will 





er than 14 in. in diameter are usually not neces- 






: J W. R. Moceripce:* At the conclusion of the paper the 

ior strainer cores used in molds for gray iron iuthor suggested that the Committee wished to obtain informa 
tings [he holes may be straight or tapered de- tion that would aid in the standardization of strainer cores : 

nding on the equipment used in making the cores. Would it be of value if data on various types of core sand 


mixes were included? 







Mr. CAMPBFLI The matter of composition ot strainer cores 

Strainer Core Designs was not part of this paper The real purpose was to bring to 

the attention of foundrymen an attempt to standardize on a 

Seven designs of strainer cores, as shown in Fig. l, few designs of strainer cores. There are many branches of this 





subject of strainer cores involving compositions method of prep 


proposed for the gray iron industry. The dimen- 
ms and delivery of metal through the cores are given 
l'able l. Fac h design of core is designated by its the matter ol composition ot the diflerent mixtures used 
ixximum diameter in inches and the delivery of In the investigation of strainer cores used in industry, we 


were surprised at the number of designs of strainer cores. We 





aration and use of them, etc., that runs into a long story. I 


think it would not be well to take the time right now to go into 









tal in pounds per second. In the development of 

iy ‘ believe that is unnecessary rhe opening is simply an orifice 
is series of sizes of strainer cores, the plan was to to control the rate of flow of the metal. A round orifice is prob- 
rovide a sufficient number of steps in the delivery ibly as efficient as any. Also, we were quite surprised to see 





cores that were so similar, with very little change in the size 





ite to satisfy all requirements. At least 14 in. of core 
terial lies between any two holes = each design. larger companies. The differences were so small that it hardly 
\lso, a sufficient width of core is provided for the seems practicable to use the many different designs. It would 


[he thickness of strainer cores was fixed on seem that we could get some standardization of sizes. We would 
like to have you say how many designs vou think we should 





of the openings the total opening area used by some of the 






basis of designs now used satisfactorily. 





i : : have in the foundry industry. Perhaps seven designs would be 
As the purpose of a strainer core is chiefly to con- enough to cover this delivery range We need the help of all 
rol the amount of metal which passes through it, the the operators to aid us in standardization on the different de 
selection of a strainer core should be based on the signs 

equired delivery rate of the metal. If it is desired to 
pour 200 Ib of cast iron in 20 sec, a strainer which 
leliver 10 Ib of metal per second will be needed. ‘Ford Motor Co. of Canada, Windsor, Ontario, Canada 






Co-CHAIRMAN ZIRZOW We purposely avoided going into sand 





mixtures which is quite a problem 








[HE RELATIVE MERITS of ingot metal versus vir- 
gin metal have been a subject of long and heated dis- 


When a 


foundry has decided to use ingot metal in preference 


cussions in brass foundries for many years. 


to virgin metal, the question arises whether or not the 
advantages and savings gained by the use of ingot 
metal are offset by an increase in furnace, foundry and 
test bench losses; also, whether or not there is a de 
crease in the mechanical and physical properties of 
the casting. These questions usually are asked when 
trouble occurs in the foundry and losses suddenly 
grow beyond normal expectancy. The practical found- 
ryman, the man in the shop, then attempts to locate 
the source of trouble. Experience has shown that 
many factors may be responsible, but the one most 
frequently blamed is the metal, especially if a new 
shipment of ingot was used at that time. 

During the pioneering days of copper-base ingot 
production, scrap was generally purchased from the 
scrap metal dealers. This was roughly sorted by hand, 
with only a crude guess as to its composition. It was 
then melted and cast into ingot with little or no at- 
tempt to refine or control the impurities. There is 
no doubt that foundrymen in those days had some 
justification for their pessimistic attitude toward the 
use of ingot metal. 


Ingot Metal Refining 


During World War I and the period immediately 
following, virgin metals were scarce and the demand 
for reliable ingot metal increased. This resulted in 
the development of a highly specialized refining indus- 
try in which large reverberatory furnaces replaced 
most of the crucible and small furnace units. Since 
that time many firms in the industry have reached a 
high plane of efficiency. By the use of strict technical 
control, they now produce a uniform product which 
meets the rigid standard specifications of the American 
Societv for Testing Materials. Non-ferrous ingot metal 
necessarily contains iron and nickel in limited quanti- 
ties, due to their presence in the original scrap. These 
metals within the limits of the specifications are not 
injurious. Gardner and Saeger! found iron to be 
advantageous in cast red brass (85 Cu, 5 Sn, 5 Pb, 
5 Zn) if the amount was less than 0.5 per cent. The 


* Mansfield, Ohio 


INGOT METAL vs. VIRGIN METAL 


Fred L. Wolf 













value of nickel is given recognition by A.S.T.M 





fications (1947) which have been revised t 





copper content to be met, if the copper p 






0.75 per cent Max.) comes within the copper 1 





Several years previous to World War II, a cor 





operating a large non-ferrous foundry in the 






west, decided to make an extensive production | 
order to settle, within its own organization, this 








troversial question regarding the advantages a 





advantages of ingot metal versus virgin metal. 1 






firm manufactured brass valves, and used an alloy 





composition of which classified it as “Leaded § 
Brass,” meeting A.S.T.M. Specification B30-45T ( 
5A. The foundry used for this test was modern 







mechanized, and equipped with a sand conditio 





and distribution system. It had modern 





molding and pyrometric equipment and was ope! 
under strict technical control. 






In order to obtain a just comparison over ai 





tended period the following plan was adopted: “] 





foundry was operated for a period of two months dur 





ing which only virgin metal plus returned gates 

sprues from the resulting castings were used. 1 
foundry was then operated for the following t 
months in a similar manner with ingot metal plus t! 
resulting gates and sprues.” During this test all kno 


> &* 









factors were supervised and followed by the technica 
staff. All furnace charges were made up under t! 
supervision of a metallurgist, and followed throug! 
the operations of melting, casting, cleaning, inspect 
ing, machining, assembling and final hydraulic testing 














\ll metal was poured under pyrometric control a! St 

accurate records were kept throughout the test Bo 
At the time this test was conducted, there was 4 la 

decided price differential in favor of ingot meta 

While this varies from time to time, there has ge! 

erally been some difference in favor of compositio! No 






ingot. 








Some factors are difficult to evaluate in dollars a 
cents. Considering such things as: amount of storage 
room used, time consumed in weighing, in charging 
furnaces, in breaking up white metals into small 
pieces and in properly mixing the molten metals, !! 
was apparent that the use of ingot had quite an a¢ 
vantage over that of virgin metals. 











During the test an attempt was made to ju:ige the 
character of the metal. At the beginning, a cast. ng Ww 














RECORD DuRING 2-Mon. PERIOD 





MELTING 











Weight of Metal Melted, Lb 


Frequer ] € Gas-F ire 

4 Lr { | i 
| i I Ace I Melte 
83,215 403,981 56,275 S45.4 
16.197 357,503 68,160 821.860 
79,412 61,484 124,435 1 665,331 





MELTING Loss DuRING 2-Mon. PERIOD 
























Bw 
Loss Loss 
Lt Per ¢ 
f 87 
I * ‘ 
$—CasTInG Losses DurRING 2-Mon. PERIOD 
ee 
Per Cent Loss Per Cent Per Cen Per Cent 
Dirty Loss, Other Loss, 
Castines Misruns Losses Tota 
70 1.0 0 25 
2.40 O.80 0.60 RO 
I 
TaBLE 4—RESULTsS OF LEST BENCH INSPECTION 
{ P | 
P Cen Lente P Le 
| \ v Bod Piec Orhe Per ¢ 
‘ I Losses  Losses* Goo 
16974 1.60 0.90 40 6.1 
) 28 1.50 0.40 2.00 7 l 
7665 Ss 0.65 j 16.1 
. 
ns 7 - | 
ts 
| : 
is 0 . from each heat. This was then sectioned, 
lis f 
1 polis and given the deep acid etch. The test was 
knowt ible, as it was tound that the appearance ot the 
ht ‘ specimen was in many cases misleading. Such 
el - s as gating, and thickness and shape of the cast- 
TO ing seemed to have more effect than the quality of the 
Isp Etched sections of valve parts usually showed 
sting sults as follows: 
ha ‘tems—Always good dense metal 
Odes Good, with exception of center end 
was ul Pieces—Poor along parting line at gat 
net yn Nuts—Good 
; gel ry tail center pieces—Always poor 
sit \ nal cente) pieces Good 
is found in some instances that good and poor 
5 al t d sections could be obtained from the same heat 
ora or trom the same ladle. The above described pro- 
rving feecd required considerable time and effort, and 
smal t failed to furnish information of much value, 
Is, it is discontinued at the end of the first month 
1 ad 
New Test Procedure 
\iter discarding the above method a new procedure 
>» rr . . 
eloped. A test piece was cast by pouring the 
r was . : : 
a. nto an impression made in a bucket of mold- 








ing sand, using a wooden cylinder | in. in diameter 


as a pattern. A test specimen was poured trom each 
heat, and then fractured and examined visually. This 
test had considerable value, but could not be con 
sidered foolproof. In a few cases, heats that produced 
poor fractures on the specimen, produced castings that 
showed a good etched section and a eood fracture. 
| sing this test the percentage ol good dense tractures 
obtained was higher on heats poured from ingot than 
frem virgin metal 


Melting Furnaces 

Ihree types of furnaces were used in melting th 
metal during this test. They included a battery of 
four low-frequency induction turnaces, a battery of 
thre = indirect-arc furnaces, and a battery of gas-fired 
crucible furnaces. An accurate record was k« pt of the 
weight melted in each furnace during the respective 
two-month periods and is shown in [able | 

The melting loss during these same periods 1s 
shown in Table 2 

Considering the total weight of metal melted during 
the test, it appears that the slight difference of 0.02 
pel cent between the losses on the two types of metal 
is negligible 

An accurate record was kept of the foundry losses 
and all scrap castings were examined before they 
were returned to the metal repository An examina 
tion of the foundry loss chart showed that for the 18 
months preceding this test, the loss amounted to 3.74 
per cent. During this 18-month period most of the 
metal melted was ingot although there was a fai 
amount of virgin metal used, and the heats were 
mixed. During the period of the test, the losses were 
broken down as shown in Table 3 

After the above four months of test, the foundry re 
turned to the use of both virgin and ingot metal, and 
the loss figure returned to about the pre-test figure, 
5.74 per cent 

In this test, the castings were followed through the 
cleaning, machining, assembling and final testing 
After final assembly all valves were subjected to a 
hydraulic pressure test to weed out defective valves 
The record of the test bench inspection is shown in 
Table 4. 

Table 4 shows a small margin in favor of ingot 
metal in the elimination of leaker losses and indicates 
that in this respect no benefits are to be derived by the 
use of virgin metal 


Tensile Strength and Elongation 

Failure to meet mechanical properties has frequently 
been attributed to the metal. During the four-month 
test period, tensile streneth neve! dropped below 
$1,000 psi and elongation never below 28 per cent 
\.S.T.M. specification for this alloy, B30-45T Class 
5A, set a Minimum requirement of 29,000 psi tensile 
and 18 per cent elongation 

[he finish of an assembled article such as a brass 
or bronze valve has considerable effect when selling 
to the trade. 


appearance as they come from the foundry and this 


Castings are not uniform in color or 


factor is difficult te control. Some foundries overcome 
this difficulty by giving the casting a bright dip. The 
general treatment in obtaining uniform color is 











1. Sand or shot blast after removal of 
Sprues. 


vates and 


2. Immerse for 1 min in a solution of 
| part 36° Bé nitric acid 
- parts water 
}. Rinse thoroughly 
!. Dip quickly in a solution of the following 
mixture 
(a) 2 gal—36° Bé nitric acid 
(b) 8 gal—60° Bé sulphuric acid 
(c) 1% oz hydrochloric acid 
». Rinse thoroughly and quickly dip into following 
solution 
(a) 1% oz potasium permanganate 
(b) 16 oz dilute sulphuric acid (1:50 Water) 
(c) 10 gal water 


» Rinse thoroughly and dry on a steam table. 
Using the above procedure, it was shown that cast- 
ings made from ingot metal showed a richer and 
deeper color than those made from virgin metal. 


Conclusions 

This thorough test on the production of valve cast- 
ings, conducted on a strictly impartial basis, proved 
conclusively that the use of refined copper-base ingot 
metal of A.S.T.M. specification B30-45T Class 5A, 
offered many advantages over the use of virgin metal: 

1. Metal cost of ingot was considerably less than 
that of virgin metal at the time this test was conducted. 

2. The use of ingot showed a saving in storage 
room, in time consumed in making up charges, in 
preparation of metals for weighing and in alloying 
time. 

3. Regardless of the furnace used in melting, frac- 
tures of test plugs made from ingot metal were supe- 
rior to those made from virgin metal. 


4. Melting loss was about the same on ingot as on 
virgin metal. 


5. Foundry and test bench losses were lower on 


castings from ingot than on those from virgin metals. 

6. Ingot easily met A.S.T.M. specification require- 
ments for tensile strength and elongation. 

7. After chemical treatment, castings from ingot 
metal had a slight advantage over virgin metal as to 
appearance. 

8. There was no evidence that the advantages ob- 
tained by using ingot metal in preference to virgin 
metal were offset by any disadvantages. 
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DISCUSSION 


Chairman: H. M. Sr. Joun, Crane Co., Chicago 
Co-Chairman: J. J. Curran, Walworth, Greensburg, Pa 
We. RomaAnorr:' I am in accord with Mr. Wolf’s findings 
that ingot metal can be and is being used in preference to virgin 
metal. Whether the results at all 


times are as good as M1 
Wolf's is questionable. I am not 


going to tell vou that bv the 
use of ingot metal vou will obtain higher physical properties o1 


less foundry lesses than by the use of virgin metals. I have never 


seen castings made of virgin metal that could not be duplicated 


with ingot, or vice versa. All things being equal, there are some 


advantages in the use of ingot metal as against Virgin metal 


7H. Kramer & ( Chicag 








INGO! 


METAL vs. \ 


| There is the item of cost, particulat 
some allovs that can be bought tor as mucl 
pound below the cost of making them out of 

2. In weighing and melting a heat of alloved 
pared to virgin metal, the former is more foolp1 
tration, if we were making an &)5--5-5 casting tr 
four separate weighings would be necessar\ 
lead and zine respectively \ mistake in eithe 
naturally throw off the analvsis his would no 
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ise of ingot If 110 lb were 
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are dithcult 


ingots do not offer this problem 
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ments in the first place and witl 


l 


he second. I have 


h 


ad se 


veral cases 


la 
\ 


ore 


li 


saving 


the 
i 


intend add 


lt) lit 


only be ter 


virg 


» ObDtan 


e with the 


R« 


ymmanott s 


where the 


I had to do to solve the major problems of the fo 


S 


¢ que stion ot 


ubstitute ingot for virgin metal. TH 
in. Frequently, people that use virgin 
ingot copper, for example They may 
alled virgin metal but these take 


( 


\ 


Increase 


ou have greater volume 


my opinion there are 


mat 


m 
ti 


etal do me 


ike other 


a greater volun 


particularly in crucible 


the hazard of oxidation o1 


1 things to he 


as compared with the pure me 


c 


xceptions where you 


These then become 


hav 


almost 


During the war, many « 


to make non-magnetk 


| 


bro 


tal 


e€ an extremely 


self-evident 


tf us in 


th 


n7¢€ Some 


asily because when we applied 


bronze and it did not lift 


1 


lagnetic. We were 


Ss 


oon 


or adhere t 


to find 


of hvdroge 
said 
There are p 
fine ques 
e States and ( 
of us felt we ce 
magnet to pie 
>it we Said 
the Navy and 


that 
but particularly the Navy, did not agree with that. Y« 


have it so that the finest possible turning, wit! 


possible magnet, would not make any movement 


w“ 


1STM Bulletin, probably in 


C. S. COL On 


tl 


vat ik 


isi pou 


il 


the 


non -Magne 


ould like to call your attention to a paper publish 


August 


d48) I his 


1 






written by Prof. Butts of Lehigh University who did the 
mental work on magnetic testing of copper-base alloys for 
ford Arsenal during the war. It is a very interesting pape 
There is a very interesting sidelight in Prof. Butts 
which has not yet been emphasized. By a solution heat 
ment it appears possible to bring alloys with the standar 
ance for iron into the non-magnetic class so that they 
used and you do not have to resort to metal of speci 
purity. This applies to several standard alloys, and the 


casting alloys that look most favorable in Prot. Butts 
(Alloy 5A) and cor 


These three alloys can be hea 


tl 


ve 


“ 


re 85-5-5-5 (Alloy 4A), 


‘llow brass (Alloy 6B). 
so that they can be used for applications requiring no! 
netic properties when made to the standard specific 

and not to any special limits, with very low iron 


the 81-3-7-9 


Mir. ROMANOFF: I want to comment on an experi 


ith magnetism in 


found the magnet 


a 


nickel-silver 


proj 


ETTS 


alle 


rather 


” 


fle 


containing 


eting. So! Cas 


made from the same composition showed magnet Oj 
hile others did not. In 
iminate the magnetism. 


Ww 


el 


there is one thing that 


CHAIRMAN St. JOHN: I 
would be considered 


fact, 


would 


propel! 


lik 


a disadvantage 


favor of using ingot and do 


use 


reeds to be 


e 
in 
it 


a 


heat treat 


to add one p 


re use ol 


Imost ex 


watched for. \« 
sometimes a difference in fluidity between one lot « ge 


another which cannot be predicted from the cor 


from the usual analysis of 


imput ities 


it 18 goo ~" 


difference will not be great, and only in cases whet 


cl 


itical need it be considered 


Occasionally, vou 


necessary to change the opumum pouring temperatu 
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o another, where fluidity and pouring temperature 


ot th 





lal 





that 





in 





true cases 













e to use a small percentage of virgin metal with 
i the foundry returns 

LIWFLI \ few vears ago we installed a spectro 
iboratories tor closer contro! of our smelting and 

CESSES As there were no standards ivailable for the 





of working curves, it was necessary that we make 


do this we used virgin metals and added the re 






ts of minor metals necessary to give us the re 





s. Chemical analvsis of several samples taken from 
I 





ed to show agreement. It was found necessary to 
] 





eats at least three times betore consistent chemica 


d be obtained This might be explained on the 





} 





an increased number ot 


could start simultaneously and 


peated melting producec 





solidification 











ent segregation 





St. JOHN I think verv few of us would like t 


s from all virgin metal 







r“APPELL:* I would rather make high pressure appli 







gs from all virgin metal on the second melting tl 








St. JOHN [hat is, vou mean to start with all virgin 


the second time 






APPELI We have found that high-pressure castings 





inder 300 to 5,000 Ib pressure, cannot be made satis 





om ingot metal 







MIANOFI What is vour reason? 
\PPELI I have no reason 
1ANOFI Your statement is difficult to answer without 





ed information as to your foundry practice and the 





the castings did not withstand pressure when made 






but were satisfactory when made from virgin metal 


own fact among foundryvmen and metallurgists that 





iuse of the defect is known, the remedy is usually 





You give no cause It might have been improper 





ng pouring temperatures furnace itmosphere or any 





e of a number ot reasons. Of course, vou might have 





quality ingot. As you know, there is ingot and ingot 






“| ingot from a reputable, manufacturer should have 





sfactory. During the war, there were all types of cast 





le to withstand pressures, probablv as high as those 





ou mentioned. Virgin metals, even if desired, could not 






ned by most foundries, so they made the castings out 






ed ingot successfully 





( RMAN St. JOHN: In view of what I stated befere, I think 





fair to add that during the war and up to the present 





e have made many castings required to stand up to 






iM or more pressure and have had no difficulty in getting 





with ingot metal using 88-10-2 alloy 





Vin. CHAPPELI Where physicals were concerned, ingot metal 





s as good or better results than virgin metal did 





Mr. ROMANOFI This seems like an inconsistency If the 






sical properties of ingot heats were as good if not better than 





gin metal heats, why did not the castings made from the 





heats withstand pressure? Apparently it was not a metal 





fect, but some other foundry defect 
Mr. CHAPPELL: They just would not hold water under press 
ire. The same gating method was used and other conditions 







kewise were the same 

Mr. ROMANOFI It could hardly have been all the same 
re must have been something that was done differently, 
ch can hardly be discussed without more detailed foundry 







rmation. 
Mr. CHAPPELL: That was the result. We ultimately had to go 
ck to using virgin metal for all high pressure valves, mani 







Ss, etc 





D. C. CAUDRON We made a number of these castings from 





\ osition “G" and the majority of them seemed to be satis 
under 5,000 Ib test pressure. They were tested at Mare 
Navy Yard under pressure for 1 or 2 hr. One night they 
pressure on one casting that tested O. K. and by the next 









g it developed a weeping that caused its rejection. From 
I do not think we ever made a casting that was pressure 
4 ccording to Navy specifications, because if it were left 






pressure for an extended period of time, it would show 





somewhere 








Boat Co., Groton, Conn 
s Foundry, San Francis 

















Vir. ROMANOF! I ‘ ‘ ‘ 
Sile thou aati ‘ ste ‘ ‘ sive a 
ww) Dress e ¢ ‘ eah r \\V ‘ iline 
veeping u ‘ ( On ‘ l s , 
a citi I « i ers s I ‘ 
I « ‘ é “n es ‘ it 
( cd have < ‘ stre ot ‘ i am 
not doubting or disp ou ore 

Mero CHAPPFLI We ‘ ‘ é rs ‘ 
but they did 

Nir. ROMANOF! vi Dre 

Mero CHAPPFLI I do m ‘ ‘ se es ch ovel 
night trom Vinh re ‘ Yi “ at 
same mold, the sar s ‘ ‘ ‘ < 
meltir conditions I he , r - ; d 
We do not save ce cast ‘ i ‘ our 
Losses ere so rea itl ot ch 





B \ NIILLER What ‘ ‘ ‘ , 4 se 
scrap metal becomes non- stent Ho } ke satis 
tacts \ os 

Nii ROMANOFI We ‘ a! Ke ‘ ! We 
1 ‘ i au ‘ wa We isc perce! i ! in 
netal dur ! thie ir to supptleme ‘ < Dp, Dbeca ‘ e« could 
mM et the sa p tha e requires 1 he ie is toc 

re Tha on eason | outd t« ‘ r ( in 
pressior that a wot metal wil etter re 

W. B. Scorm We had a condition ou lant ere the use 
of virgin metal was the answer tl na proble ‘ specia 
iluminum bronzes At that time the olume of those bronzes 
vas not suthcient to nteresi i iInvotl produc Wher the 
volume reached the point where they could devot me and 
ittention to { the, have been abi« to duplicate tron scrap 
evervthing that we have been able to do trom virgin metal. ! 
do want to say that in those alloys, analvsis did not show the 
difference Ihe difference was a matter ot hot shortness It 


became the standard practice to purchase metal ingot and the 
only way we could use that ingot was to remelt it, not once, but 
several times, to make it usable. It was simpler in our own shop 
to make our own ingot and start from that basis. It is a matter 
of understanding what the problems are that are involved 

Mr. ROAs! [his discussion seems to be largely on the value 
of merits of virgin vs. ingot metal on the basis of pressure Cast 
ings. I understand that Mr. Chappell was using pressure of 
$00 to 5.000 Ib 

We have a pressure test which we subject metal to. We have 
a cylinder about 31% in. in diam and about 7 in. long, with one 
end open and one end closed. It is | in. in cross section. We 
machine off one-third of the OD, one-third of the ID. We have 
tested it frequently to 6,000 psi for the remaining inside metal 
without any leaks, and that has always been made from ingot 


metal. I think that should be borne in mind. Incidentally 


however, I should 
but rather a composition ingot 75 Cu, 15 Pb, 7 
the British Navy finally allowed us to substitute the leaded 
bronze for the gun metal for 6,000-lb pressure work. There is 


never choose 88-10-2 for a pressure casting 


Sn, 3 Zn. Even 


one limiting factor. You do not want to heat it over 400 F or 
you might have trouble, although actually at 500 F you fre 
quently do not. But it will from ingot make satisfactory cast 
ings at 6,000 lb pressure 

Mr. CHAPPELI The snorkel exhaust valve, a jacketed valve, 
is a good example of the type casting I am talking about I 
think it becomes heated over 400 to 500 }I That is the main 
exhaust outlet from the engine and I think in service it exceeds 
100 to 500 F in temperature 

H. E. Youncer:* I want to tell of an experience we had during 
the war with CO, fire extinguisher valve castings. We made 
175,000 of these castings from &85-5-5-5 alloy They were tested 
at 2800 Ib pressure for 30 days before the Air Corps would 


accept the extinguisher 
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PRODUCTION HARDNESS TESTING 
IN A MALLEABLE SHOP 


By 


C. Sehneider and L. Ulsenheimer * 


1BST RAC] necessary. Entering this field early, the Cleveland 
Works of the National Malleable and Stee! ( Stings 
Company has met many problems in the productioy 
handling of hardness testing by this method. As 
tonnage of this material increased and the flow o 
product through the shop accelerated, improved 
niques were required. These techniques wer 
oped as necessity and experience dictated. T| 
mary requirement was, of course, to keep 
the volume demand Today's operations 
the experience acquired in keeping step 

Since the test lug is a necessary part of equip 


we have adopted definite sizes and tried to pla 


position on the casting as well as the numb 
LT RADITIONALLY, the toundry has checked th AS TM standards specify that the lug should b 


hardness of malleable castings by means of a test lug a size that is proportional to the thickness of 


This method has been and still is considered the most ing but should not exceed 5, in. x 34 in. in 
acceptable way for, determining this characteristic section. For our use we have decided on tow 
Hardness as determined by the Brinell method is not These are rectangular and are dimensioned 
lered a too reliable measure of machinability 1 cated in Fig. 1. The usual taper ts 's2 in. per i 


CODSICG 
the range of malleable tron each side and the height equals the longest dian 


With the introduction of pearlitic malleable th of the base. 
use of the Brinell method of hardness testing becam: When the lug is being placed, consideration 























Fig / Showing sizes Of test lugs 
used in authors’ plant for malleable 
CASTINGS 


Fig. 2—Casting showing test lug. Fig. 3—Fractures of test 


x - 





* National Malleable and Steel Castings Co., Cleveland, Ohio 
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VMotor driven Brinell hardness testing 
Fig. 5 (right)—Direct reading hardness test- 
ne with pre-load applied to casting and 







rdicator dial reset to zero reading. 





ssibility olf breaking it off by rough handling 
casting is packed tor annealing. We have 
d it advisable to anticipate possible intel 
ith other operations such as grinding o1 
If the luge is on a surtace that must be flat 
oth, removal may be a problem. With thes¢ 
mind the lug ts placed at or near a heavy 
‘ und, if possible, in the drag. 
Xt point we consider is the number of lugs 
sed. On small castings weighing less than 5 Ib. 
practice is to use no lug and a casting Is 
boken for examination. On castings weighing up to 
. ither one or two lugs may be used but on 
ialler castings two lugs have proven manda 
a lt the casting weighs more than 20 Ib., it is ou 
aiwavs to use two test lugs (Fig. 2). When 
used two lugs and the casting has been re 
by the first, the remaining one is not removed 
tilized to check after the re-anneal. 
HIS ty pe of hardness testing the visible evidence 
BI VCI vy the test lug fracture provides the basis for 
ptance on rejection. The fracture in Fig. 3 offers 
ol of the metal quality as well as of the malle 
ng. To secure a good fracture, the luge is marked 
the pattern so that it can be broken by 
ing in one direction. One indication of the 
yn of the metal is found in the ease with which 
s separated from the casting. 





handling pearlitic malleable, the problem 
one of segregating those castings which are 
the specified Brinell hardness number range. 
lug in this instance does not serve the put 
is not used. The authors’ plant is using two 





check this hardness: (1) microscope reading 





ipression of a 10 mm ball under a 3000 kg 














I 





load and zZ Giclecrmination DN tive direct i iding 
machine 

Lhe evolution ot a method suitable for the han 
dling of a large number of castings per hour has in 
cluded several steps Initially i mardness determina 
tions were taken by preparing a surtace, makine the 
impression, and measuring the diameter. One, two 
Ol thors Opel itors Were requul ad ce 1 nding Lupo! thre 
desired number of castings per how This as the 
operalt yn we Lise today ol i SI i part ol oul 


produc tion. 


Process Simplified 





There have been changes ove the vears which have 
simplified this process Lhe, have conn largely in 


the manner of applying the load 


Since thre method 
used to prepare the surtace 1s essentially the same 
Qn the earlier machines the load was applied by a 
hand operated pump ol by the application ot weights 
Motor driven units to provide the load have re¢ placed 
the manually applied load but the operation ts much 
the same (Fig. 4 

In the attempt to simplify thre process most etlort 
has been directed toward eliminating the polishing 
ot a surface and the glass reading. In addition to the 
time required for the measuring of the impression by 
a microscopl glass there was also the not inconside 
able element of operator latigue 


It was reasoned that since the depth ol penetration 


Fig. 6—Casting being hardness tested in direct reading 
hardness testing machine. 
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of the 10 mm ball was a tunction of the diameter 
an accurate measure of this penetration should give 
an indication of the hardness of the casting. One of 
the problems which required an answer was the ques 
tion of the point at which the start of the penetration 
should be measured. We needed to have the ball 
seated firmly on the piece to be tested yet not pene 
trate it to any significant depth. By experimentation 
and trial we found that if the ball were seated with 
a 1500 kg load the penetration would seat the casting 
satisfactorily, 
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Fig. 8—Showing path of test load application. 




















TESTING IN A Mat 





PRODUCTION HARDNESS 





lhe first arrangements tor this type 
had a dial indicator mounted on the mac! aa 
the movement of the head containing the n 
could be observed. After the 1500 kg p vad 
applied the indicator was returned to zero (Fj 
Then the full 3000 kg load was applied an 
cator reading noted. On the basis of this reading 
casting was found to be hard, soft or thir 
required range. 

This machine could be used for eithe: 


als ; 
PASS Teady 


or the method of direct reading. To set up th 


ne 


on the dial indicator comparison was established, , 
casting was prepared and read in the usual manne 
and the Bhn noted. Immediately adjacent to the gpoq 
checked the depth of penetration was noted on the 
dial indicator. By comparison between the Bhn ag 
determined by glass and penetration as Measured hy 
dial, limits were established for acceptable hard) 
These limits, established by comparison, wer appl 
mate and no particular dial reading could be sai 
equal a definite Bhn. 

[he direct reading machines now being used 
matically apply the pre-load and measure the pe: 
tion after the application of this load. The operat 
hands are free to handle the casting since thé 
is applied by means of a foot pedal. 

This change still 1 yuired the operator to seat 
casting on the center post and adjust its height 
secure an accurate measure, correct alignment of | 
ball, casting and center post was necessary. No 
means of placing the piece quickly and accurat 
the center post needed to be devised. Since the 
to be tested varied in design and thickness, a fixt 


was required which could be readily changed, o 
be easily moved into the correct position, and wi 
ove the prope! suspension to the casting. 
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Fig. 9-Showing penetration ball travels 
46 in. before it contacts the casting 
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lverage number of castings hardnes 


tested pe day at authors’ plant. 















authors mounted the fixture on the 


At first the 


center post (Fig. 6 This showed that a broader base 


was desirable. Consequently, a removable base was 
| 


built around the center post with an opening through 
which the post could rise and another through which 


it could be adjusted (Fig. 7 Chis base provides the 


surtace on which the fixture rests. We have illustrated 
the path for the transmission of the load (Fig. 8 
Ihe fixture which rests on the base was designed to 
machine In desiening 


vermit rapid loading of the 
| | 
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DIAMETER OF IMPRESSION 
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Fig. 15—Showing percentages of accepted and rejected 


castings by the two hardness testing methods 


found that the best results were ob 
First, 


the fixture we 
tained when two dimensions were maintained 
the center line of the pin on which the casting rests 
should be 1% or 14 in. off, the center line of the trans 
mitted load. This prevents the piece from tilting 
thereby introducing an error. The second dimension 
which we try to maintain is the distance the ball must 
move before it contacts the work. Be results have 
been obtained when the ball travels from 14 to “ge in 


These are shown in Fig. 9. 
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A bor ly , IN. gray iron plate is the most satistac 
tory to the fixture base. On this base, hardened pins 
are mounted to support the casting and provide the 
carriage. Ihis fixture or carriage rests on the remov 
able base and is slid out from under the ball (Fig. 10). 
L he Casting 1s inserted; the Carriage 1S slid back into 
place, and the reading taken. At the back of the base 
we have placed an adjustable stop (Fig. 11) to control 
the location of the fixture under the ball and provide 
the first required dimension mentioned above. If the 
casting 1s smaller, it is frequently possible to leave 
the carriage in position and place the piece directly 
on it. 

In the illustration of the fixture (Fig. 12), an open 
ing in the bottom of the plate may be observed. This 
provides clearance tor the trunnion in this instance. 
Such arrangements are sometimes required by the 
overall dimensions of the casting. The use of these 
fixtures has made possible an increased output. We 
have undertaken to iliustrate this in Fig. 13 which 
shows the average number of castings handled per day. 

The question will naturally arise, “How accurate is 
this procedure?” Let it again be stated that the use 
of the direct reading machine to determine hardness 
is only as accurate as the comparison set up between 
a casting of known Bhn and the indicated depth 
penetration on the dial. Uniformity of suspension 
and load application are essential to an accurate com 
parison. We have, however, taken figures from ou 
regular production which illustrate the process as it 
is operating. The castings in the lot were made in 
the same period and went through the same treat 
ments. A part of the production is normally read by 
glass because of short runs and other limiting factors. 
A distribution according to diameters measured was 
plotted on 21,141 pieces and is illustrated in Fig. 14. 
Figure 15 shows the overall picture of the percentages 
rejected and accepted by the two methods. 

Ihe authors realize that the desirability of testing 
hardness by the direct reading machine may be debat 
able. Constant checking of the machine with frequent 
calibration is necessary. Ihe operators must be im 
pressed with the importence of watching the operation 
and checking the calibration of their machine. In this 
as in many other operations there are opportunities 
for erro) 

DISCUSSION 


Chairman: C. F. Joseru, Central Foundry Div., General Mo 
tors, Corp., Saginaw, Mich 

Co-Chairmar Eric WeLanper, Union Malleable Iron Works 
Deere & Co., E. Moline, Ill 

Co-CHAIRMAN WeELANDeER: I{ interested me to note that the 


iuthors have eliminated preparation of the casting surface in 
practically all their castings betore the hardness tests have been 
made. In some shops that preparation of the surface by spot 
erinding consumes much time \ccording to the paper the 


iuthors have been able to eliminate that almost entirely except 
for the checking period prior to setting up their limits 
CHAIRMAN Joseru: I should like to discuss Brinelling of pear- 
litic malleable castings. We spot grind all castings that are 
hardness tested on the Gogan or Detroit hardness testing 
machines which are the same machines used by the authors 
We find it absolutely necessary to get a smooth spot ground on 
the casting to be sure that the readings are correct. I am sur 
prised that the authors have found that thev do not have to 
spot grind their castings. We have gone through this procedure 
with thousands of castings and definitely have checked our 
results. We find that we must spot grind every casting. Prac 


PRODUCTION HARDNESS TESTING IN A May 


tically every casting which we produce tor pe 


is Brinelled. We produce rocker arms weig! 


third pound each. We check about 1500 castin 
either the Detroit or the Govan machines 

Recently we had one of our electrical men work 
retentivity test. He was able to pertect this elect 
without spot grinding, he is able to check wit 
sO00 rocker arms pel hou [his test is not l 
tion but it will be shortly atter it gets custome: 

We have been making castings tor over 20 ve« 
lugs and we feel that the use of test lugs is 
requires time to break off the lug and 99 out 
are not examined and the fracture interpreted. | 
the test lugs have to be ground after the lug is 
believe that it is much better to put the ext 
proved control, if that is possible 

One good control of the iron is the shearing « 
will give you some indication of whether the cast 


able Where the casting is ground or the 


that is not possible, but the use of test lugs can be 
I M. SrrRick With reterence t 


not grindi 
fore hardness testing them on the aforementione: 
the standard was set tor castings not ground wou 
find variations that would throw the Brinell h 
CHAIRMAN JosePpH: We of course would like 
ings without spot erinding them because it requir 
but we have definitely found that we were not 
the castings to close enough control in case they ox 
range The Brinell impression you obtain on a r 
is influenced greatly by the possibility of the cast 


decarburized rim. If you do not grind the surface 





M 


ing off, how can you expect to get an accurate read 


casting? All pearlitic malleable has a slight skin, a 
to get a true Brinell hardness of the casting, we 


felt that it is necessary to take off possibly 0.015 in 


lot of our castings have a raised pad on the cast 


ground flush with the casting. That makes it possil 


the casting without getting below the machined surfa 


not do that on all of our castings, but a lot of the 
is necessary to have accurate machining, there ts a ra 


pad on the casting. This was not the case with th 


because the rocker arm had enough metal whic 
off on the boss end. 

Min. STRICK here is another question [| would 
of Mr. Joseph. On the shearing of pearlitic mallea 


how is it possible to tell whether the casting ts sof 


when you are shearing it? 


CHAIRMAN JoserH: I did not mean that we could 


the shearing of the pearlitic malleable iron. I m« 
regular malleable iron. We use that as a gage ve 
there is any trouble with the iron, the operator cou 


the shearing of the malleable iron casting whether 


We do not shear any pearlitic malleable castings. We 


one job during the war, a machine gun part that 
at the point where it was sheared. If it did break 
the machining operation would take care of it 

Mr. Strick: That is exactly what I found. In she 
litic iron, the gates have a tendency to tear out 
tough on shearing tools so we had to confine 
malleable iron 

CHAIRMAN JoserH: I do think it is possible to s! 
malleable castings if you want to spend some time ¢ 
shearing knives. In fact, we have thought about 
times because it is cheaper to shear than to grind 
reason, if the gate is not too heavy, why you < 
casting by the proper design of the shear knives 

Mitton Tittey:* We found that this preloa 
which you do not use for measuring the hardn 
of that pearlitic or decarburized edge. So it does 
effect you might think it does on the final load 

L. J. Wise: * The author stated that the Brinel 
is not a good indicator of machinability of norn 
iron. Do you mean, for example, that you cou 


meter of 5 mm or better with a 3000 kg load an 
easily machinable? Conversely, could you get a d 


4.7 mm and have it readily machinable? 


1 Erie Malleable Iron Co., Erie, Pa. 
2 National Malleable & Steel Castings Co., Cleveland 
Chicago Malleable Castings Co., Chicago 
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. peER: Machinability is often influenced by tactors If the highe hardness is due te eme ; oul 
indicated by Brinell hardness. Variations in definitely affect the machining e castings are re-annealed ot 

may affect it, the pearlite may vary and de disposed of by whateve ‘ s is mecessa We have a speci 

iv also affect the machinability. It is not likely fication of 140 Bring hich is used as dicated ahove sa 










rdness unde 17 WwW be mach 











} } 





MAN Our experience 1as been that there are ve enoug to represent e cross section « the « 







ther than hardness that influence tool life o1 re toc ire hye re flix ; ft . ea 

\ decarburized edge, with the tool not ound ere sa te ‘ clk P ‘ , 

angle and rake will ruin vour cutting edge cas A s test ' e { ealed. while YT. 
could change the angle ot the tool and get some heavier sections of the cast s ‘ e ceme 









results Naturally i little burned-in sand will Witl ‘ ird to the dires read Brine : 1 < 














itic rim with a thin light cut would 







n machining than the same pearlitic rim if is made on ad 











32 off That is why I think, generally the Rockwell machine Limits re es shed correla 


king 3/32 in l 


ac hin 





hardness is not a measure of 
























JOSEPH I would like to have an expression of equipment to determine relative degree of eal and relative 
e putting Brinell hardness in malleable iron specifi hardness which mav be correlates { tl magnetic perme 
have some malleable iron custome specifications ibilitv. We have used this equ pm n so small castings 
ely call for Brinell hardness in the specification It is necessary to set up a pair of coils for each particular cast 
ke it not that we cannot meet it but there is in fo te Inspected Ihe cast S ist r serted accu r 
stion that if the customer should have trouble with and in the same positior n order to « i ccurate ‘ ‘ 
s, he will insist that you Brinell these castings 100 Once the set-up has bee made, tl rovides a rapid me s 













hardness range may be a Nir. Tiers It is well to remembx that sta ire 





BORNSTEIN: * \ Brinell 














gy in a specification. We are thinking about it in rot ormally runs from 80 to 130 Brine iv can have a 
stings and I believe that if a malleable casting is normal malleable with a Brinell of 130, c init h phos 
roperly, it will fall within a relatively close range of phorous and high silicon. It is also possible to produc a0 
rdness Brinell malleable so that it would ve enou pear ci t 
ously mentioned how are you going to take that to produce i hardness of 130 Brinell ind na ould attect 

If vou grind off the surface so as to get a measure machinabilitv. So you have a problem of taki care of the 
ick of the surface are you getting a Brinell reading analysis of low carbon, high silico ind high phosphorous 
le casting? Obviously not, and it may be that the We have found that 50 points of phosphorous ise the 






Brinell hardness number 20 points 


ving trouble in machining 
Mire. VMicMILLan Is the presence of peartite of thcient im 






\N JosepH: Does your company put the Brinell hard 


























mum in their specifications? portance to affect the machinability to any extent You 
RNSTEIN: No, we do not. However, if there is a com tainly machine pearlitic iron without much ditheult I do not 
of the first things we do is to make a Brinell test think a trace of pearlite up to 0 > per cent, as estimated from 
sting the microsture, would make enough difference is a matter of 
H ANSIN( I wonder if we are not talking about two salvaging 
hings, one, the necessity of Brinell readings on stand W. K. Bock I do not like the idea of insertis in a speci 
eable castings and the other, the necessity of Brinell fication a lot of numbers unless we have a definite reason for 
on pearlitic malleable There certainly is a greater it Malleable castings are purchased on propertic such as 
n the latter case than there is in the former. In fact streneth, machinability, shock resistance, and in some instances 
i question if there is any necessity in the case of on fatigue resistance. If you tried to correlate any one of these 
malleable, although the taking of Brinell readings ts properties with the possible exception of strength with the 
sirable in the case of pearlitic malleable. So I wonder Brinell number, that correlation would probably not be very 
ould not clearly distinguish between which we are good. The Brinell number then would be only a rough check 
j : 
out on the property required in that casting. In that case, putting 
RMAN JosePH: We were talking in the latter case about hardness requirements in that specification would probably 
malleal n » i rear! malleable am 
alleable iro It is true in pearlitic either get you castings that you were not sure had the required 
ou must have a Brinell range, but I referred to regular . 
properties, or else the manufactures would be caused to throw 
e iron. Quite often the question comes up, “Why do , 
~ ; out a lot of castings that were acceptable simply because the 
have a maximum Brinell hardness that the malleable d 
: - 1289 trinell number which is not correlated too well anyway, showed 
ng must pass- In most cases I think 133 Brinell is 
that the casting was outside the limits 
high as a lot of people produce malleable A lower 
It seems to me that trinell specification ‘ rong to be a 







on would be somewhat harder, about 143 
ll as to the castings 





hindrance to the malleable foundry as we 
n a hurry. The buyer will 





Ik. LANSING That is my point, that is, no Brinell specifica 






purchaser who wants his castings 
that hardness spec fication trom time to time to 





ecessary for standard malleable iron. It was stated that 
Handbook says “that the Brinell reading is not necessarils 


ndication or a necessary indication of machinability 





have to waive 






to narrow down 





get castings that he can use The tendency is 





the hardness range as a safety factor. In so doing you simply 





itement refers to a standard malleable iron and not 
not sure that 





throw out many perfectly good castings. I am 





malleable iron 
D. McMitran:* IT am glad Mr. Lansing spoke before | 
because I do not anyway 
Mr. McMILLAN: Our specifications are divided into 





Brinell hardness ‘is a measure of properties we want to get at, 





rding the standard malleable iron 


that a Brinell hardness should be part of the specifica two divi- 











malleable iron As a salvage proposition it offers a sions. One is the specification giving mechanical properties for 
ctical method of sorting castings, some of which may be the engineer and the other is more or less a guide to the 
nealed. Normally, we consider 140 Brinell and under foundry. It is a control practice rather than a specification for 
innealed. If the Brinell is higher, a microscopic ex the engineet 

s made to determine if the higher hardness is due Mr. Bock The idea of using Brinell hardness simply as a 
tite or pearlite or to both. If the Brinell is about 170 means of sorting castings is one thing: but to write it into a 







. DP cage a ‘ptable d 
ructure is pearlitic, usually the castings are accepta le, specification and sign a contract on that basis is an entirely 
ge they , \ aightening - 2 
ev do not require severe stra oh g di@erént matte: 
Deere & Cx Moline Tl! 
Founder Society Cleve id * McCormick Works, Internati H te ( r ' 








OBSERVATIONS ON KNOCK-OFF RISERS 
AS APPLIED TO STEEL CASTINGS 


By 


S. W. Brinson” and Joseph A. Duma 


IBSTRAC] lhe energy in foot-pormds required to ru 


off risers are differentiated ecrea-d ous neck sizes is shown in Fig. 2. Data for th 

4 titative intormatior s Presented , a) ’ ' 

. juantitali a m8 ) é was obtained by dropping weights from ditt 
relationship among the variavies whic Z ; 
wae of Enthal elt heights onto the mid-point of the unsupported 
jecting halt of rigidly clamped, necked-down, ste 
specimens. Uhese specimens were of 0.20-0.30 per 


Introduction I 
carbon cast steel in the as-cast condition, 


NECKED-DOWN RISERS are risers integrally at to have notches similar in design to the knock 


tached to a casting by a short neck whose cross-se necksan Washburn risers, Fig. 1. Each point in | 


~ 


tional area is less than that of the riser, a conditior is the average of two values. Points designated 
which may or may not make the riser severable trom X” are values obtained on a few production casti 
the casting by flogging with hand sledges. The term Figure 2 integrates only one 


set of conditions 
knock-off risers, as herein used, specifically refers only should not be construed as being representatiy 


to risers which can be easily severed trom the casting the resistance offered by knock-off risers to 
with manually »owered hammers. Ihe maximun There are manv variables affecting notch sensiti 
round neck size tor knock-off risers in B steel (Navy which have not been herein considered. From 


Department Specification 1951), using a 12-Ib. maul, is data presented, it appears that the impact deliv 
approximately 23, in. In the absence of a fillet, and by a manually powered 12-Ib. maul is inadequat 


in the presence ola hot tear in the neck, large) diam tracture round necks in excess of 23 in. in dian 


eter necks have been seen broken off. In gen ral, necks Ihe use of both knock-off and necked-down 


. vay " > " . s« > » ff ft ) . 
exceeding this size manifest high resistance to fractun by the iron and steel industries dates back 


ing. Hence, arbitrarily defined, knock-off risers ar the year Edwin C. Washburn obtained patent 


those whose neck diameters (or equivalent cross se« 900970 covering the use of necked-down risers. Siu 
g 

> le : > 99/5 . . 

tional areas) are necessarily under 23,-in, (4.4 sq. in that time manv foundries have used and discard 


Because of this, application of knock-off risers is re the necked-down principle. Relegation of the prit 


stricted to a comparatively narrow range of small cast ple from general application to the proverbial 


ing sizes, while that of necked-down risers is not shelf of disuse was inevitable in the face of man\ 


restricted to any particular range of casting sizes ports of inconsistency of results. This is not surprising 


Published bv permission of the Navv Department [he stat for. until recent times, there was a lack of quanti il 
ments and opinions asserted in this paper are those t! knowledge on critical relationships governin 
author and do not necessarily reflect the opinions of 1 f 


ul use of the necked-down principle 
Department 
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£ o: Test Specimens 
x: Production Castings 








1 | L j 
1/4 1/2 3/4 1 
Diameter in Inches 
0.05 0.20 0.44 0.79 
Area in Square Inches 
(yiapn of Impact Strength of B”’ Stee Shou 
r 1a 7 


Of late, much work has been done on evaluating the 
ertinent variable relationships (see bibliography), in 
nsequence whereof more consistent results are being 
tained. ‘he Steel Founders’ Society of America has 
lone much to clarify the confusion which surrounded 
working of this principle in practice. The object 
the subject report is to supplement the work ef 
previous investigators and to throw further light on 
orkings and limitations of the principle, particu 

arly with respect to the infiuence of depth ot casting 
determination of the critical dimensions for 


mm the 


knock-off risers. 

By way of review, the successful application ol 
knock-off risers depends upon a thorough understand 
ng of the interrelationship of several pertinent vari- 

They are core thickness or height of riser neck, 
sectional area and shape of the neck, cross 
sectional size and shape of riser (determined by the 
ross sectional area and shape of section to be fed) 


lepth of casting section to be fed It will be 
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evaluated the 





previous rest arch has not 
depth ot casting) on 
risers. Not that 


noted that 
influence of the last variable 
the feeding efficiency of knock-ofl 
previous research overlooked this variable, but because 
it was found desirable to keep casting design constant 
shrinkage which is very 










ind not run into centerline 
likely to occur in castings with height-to-width rela 


tionship ereater than | to | 








Test Methods and Procedure 





the aforementioned variables 





The interrelation ol 
on the feeding efficiency of knock-off risers was studied 
billet castings in green sand, 
referred to i 






by making cylindrical 
using circular design neck openings 
vated and risered as 






the literature® as type A neck) 
8. Billet castings ranged in size 





illustrated in Fig 
> to 5 in. in diameter, and varied in depth from 


trom 2 
a height-to-width ratio of 1 to 5. Billets were open 


risered with top feed heads whose diametet exceeded 
that of the billet by 25 per cent Steel for the billets 
was melted in a basic-lined, Moore “Lectromelt” ar« 
it was poured at ipproximately 2850 to 







furnace, and 





535 


2900 F from a 2-ton bottom-pour ladle. A minimum 
of one-half inch of anti-piping compound was applied 
as a covering on all risers 

After shot blasting, the green castings and risers 
were sectioned longitudinally by sawing for examina 
tion of the solidity of interior metal. Castings which 
appeared solid after sawing were further checked 
radiographically for cavities. 

Table 1 gives the composition of knock--off cor 
mixes which have been reported in the literature 
cited in the bibliography. In Table 1 are included 
the two mixes used by the authors. Mix No. 2, be- 
cause of its lower gas content (Table 2), is used to 
make all thin cores, from 14 to 1% in. inclusive; while 


KNOCK-OFF RISERS FOR STE! 


mix No. 1, because of its higher strength 
exclusively for thick cores, 54 to 34 in., the 
which is entirely dispensed with. In orde 


the strength further, the cores are wired int 


shown in Fig. 5. 


Discussion of Results Obtained 


Results of the various tests performed o1 
risers are discussed under several headings, « 
ing with the several major variables influ: 
effective functioning of knock-off risers in ay 
These are core thickness or neck height, ¢ 


geometry of neck across section, casting and ris, 


casting depth. 
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Gating: (a) 


Casting 
Dia. In. 
2 


8 
10 





Gating Arrangement and Dimensions Used in 
Making Castings. 
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4 , (b) for H+12 in. 
6 (b) for H=12 in. 
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Core Thickness 


ock-off riser Core Must possess Certain propel 
ie these are low heat capacity to absorb 
heat in reaching incardescence, thinness 
heat saturation, sufhcient physical strength 
rreakage when hot metal surges through it 
e pouring of the casting, and last but not 
mical mertness with respect to steel. 
ing as it may seem, steel discs would make 
ck-off cores if they did not weld themselves 
sting (Fig. 12). Steel has three times the heat 
of sand per unit of volume, and therefore 
hree times as much heat per cubic inch to 
its temperature one degree. However, when 
i sufficiently thin disc whose total weight is 
one-third the weight of ihe sand core it 
it will absorb less heat for every degree rise 
rature than a sand core of the same diamete 
more than three times as much. Because of 
ency to weld itself to the hot metal surround 
lespite the use of oxide coatings and refractory 
o prevent such welding,—use of steel discs for 
{f cores is considered impractical. Carbon and 
discs also would be suitable materials if they 
react chemically with the steel 
rning the thickness of sand cores, just what 


by the axiom, “use as sufficiently a thin a 





ab 










RNESS 


Derived } om the Data of Figo 
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Core Rodding 








|}K— Not Rodded 
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(Based upon a minimum supporting 
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Core Diameter ("D" in Fig. 3) 


strength of 





ok 















4) 
core as possible, consistent with its having the neces 
sary strength’? Quantitative tests were made to answe! 


this question. Figure 4 shows the resistance to break 
of different thicknesses and diameters ot knock-off 


Ave 


cores made from mix No. 2 (Table 1), and tested at 
room temperature in the manner illustrated in Fig. 4 
In the large diameter cores the hole size was varied 
from | to 23% in. without appreciable effect o1 


streneth results. Correlation of breaking strength val 
ues with actual shop tests found that any core which 
had a minimum supporting strength of approximatels 
I 


would successfully resist breakage 


) 


25 psi, as determined by the method shown in Fig. 4 
at time ol pouring 


in diameter bys 
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KNOCK-OFE 


that the thinnest 4-in. and 7-in. diamete 


will meet the above strength requirement 
and %,, in. thick, respectively. Based on 
Or 

ot 


» psi surtac 
thickness of core required to obtain this 


supporting strength of 4. 


different diameter sizes is shown in Fig 


in Fig. 5 was derived from the data of Fie 
plying the area in square inches of “D” dia 
by 4.25, thereby obtaining the value of re: 


breakage needed in pounds, and from 1 


value the thickness of core just sufficient 


breakage. Results obtained by the authors 


which are associated with one specific meth 





























when used in billets from 3 to 8 in ing, one specific core mixture, and one sp 
12 in. high carrving a riser 6 in. high. vail chings re practice 
maining equal, this strength factor mor than any Cores made thinner than those recomn 
other seems to predetermine the m. imum thickness Fig. 5 are liable to break on pouring, not so 
of core needed. For example, a n. diameter billet the thick sizes (ly in. and over) as in the 5 
having an area of 12.6 sq. in. will require a core Cores made thicker than those recommended in Fig 
whose supporting strength should be at least 53 Ib will function effectively provided the amo 
12.6 x 4.25 53.5), wmile a 7-in. diameter billet thickening is properly related to the hole or neck s 
having an area of 38.5 sq. im. will require a ~ore whose and to the depth or height-to-width ratio of th 
minimum supporting strength should approximate ing (Fig. 17). These relations are discussed und 
163 Ib. (38-5 x 4.25 163.6). From Fig. 4, it is seen their respective headings later in the paper. Where 
possible, knock-off cores should be made as thi 
possible consistent with their having necessary stret 
fk 6—Time-Temperature Curve )) yn. Th to resist breakage in use. They should be sele , 
Core Used Around the Neck of Manganese Bron according to some graph as in Fig. 5. Recent stud is 
Billet on segregation in small steel castings reported 
qT | ‘] 
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Having determined the minimum thickness of core 


icknesses of cores and size of castings 
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f segregation of carbon, and to a minor dé 
ther alloy elements, found in the area imme 
below of the Washburn type 
rectly with the thickness of the knock-off core 


riser contacts 


es are associated with minimum, in many 


th negligible, segregation. Thus, it behooves 
as thin a core as is practically possible 

s mechanical strength, it was stated that cores 

save rapid heat penetration. The time-temper 

irves in Figs. 6 and 7 are enlightening in this 
hermocouple No. 2 in Fig. 6 shows the rate 

penetration from manganese bronze into the 


thick 


he temperature prevailing at the same instant 


f a 4-in. core. Thermocouple No. | 


yutel portion of the neck. This core gave a 
asting. Figure 7, shows the rate of heat pene 
from molten steel into the center of 14-, %4-, 
n. thick cores. The 5-in. diameter by 8-in. high 
illets made with the 14- and 14-in. thick cores 
ut solid whereas the same size billet made with 
n. thick core did not come out solid. It is sig 
t that the maximum temperature obtained in the 
lick core at no time reached the solidus tem pel 
if the steel. Either one of two conditions might 
iided in making this thick core casting solid 

reducing the height of the billet to equal th 
ter, or enlarging the neck cross section from 1 in 

in. in diameter. It would seem from this test 
for efhcient feeding of castings having height-to 
ratio in excess of 1 but less than 1.5, the thick- 
1! knock-off cores should be such as to allow the 
r of l 


erature of the metal. 


the core to heat up to at least the solidus 


Neck Size 


in be used without fear of breakage, it remains 
the different 
This has been 


to find the proper size of hole for 


ly done by other investigators® for castings of height- 


idth relationship of 1 or less. The authors wish to 
that for knock-off 


eeometry which are founded on studies of normal 


however, recommendations 
nders do not apply to sections or cylinders whose 
eht exceeds their diameter. 

size of round neck contacts for knock-off cores 
maximum on 


Prac- 


s between two limits, one and 
mum, namely, 34 in. and 23% in diameter. 

difhculties attending pouring and running dete? 
ise of any diameter size below 3% in., and, since 
» difheult to knock-off any riser attached to a neck 
in diameter, knock-off necks ars 


this value 


rthan 23% in. 


ssarily restricted to diameters below 
narizing the results of numerous shop and labo 
tests made on all manner of round billet cast- 
ip to 10 in. in diameter, it has been found that, 
he core thicknesses recommended in Fig. 5, a 
tactory size of hole of the straight edge type is one 
diameter is approximately equal to 25 per cent 
diameter of the casting. In terms of core thick- 
the diameter of round neck contacts should be 


t times the thickness of the core. 


c 


ximately 3 to 
these results are not in agreement with some 
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published findings, it should be remembered that the 
are thinner 


cores used by the authors of this paper 
by approximately one-half, and the castings which they 
made are somewhat deeper than those which have 
been reported in the literature. This ditlerence 


and in no wavy detract from, the 


how 


ever, should add to, 


usefulness of the data contained in this and othe 
papers 
Sensitivity to hole size increases with core thick 


ness. Thin cores are remarkably insensitive to changes 
in hole or neck size, especially when the casting is no 
deeper than its diameter, or when the casting is ta 
pered for directional solidification, Examination ot 
the cone castings pictured in Figs. 8 and 9 will bear 


] he se cones have 


out the validity of this observation. 


in., are 6 in. high, and each ts 


a base diameter of 4 
attached to a riser through a reduced neck of variable 
diameter but constant, 14-in. high neck, indicating the 
employment of 14-in. thick knock-off cores. The cone 
castings were poured in clusters of six to a mold to 
enable use of six different diameters for neck open 
ings, which, from left to right, Figs. 8 and 9, are 
4, in., and 1% in. At the 


Cal h mold was 


334, in., 3 in., 2 in., 1 in., 
end of a timed interval afte 
given a 180-degree reversal to allow the unsolidified 
liquid metal in each to run out and thus disclose by 


the thickness of the remaining shell the influence of 


pouring, 
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Off Cores. Castings were bled at timed intervais 


Fig. § Steel Cone ( astings l Sing l ‘ im. Thick Knoc k 


afte? pouring. 
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Fig. 9—Steel Cone Castings Using } Le Thick Knock 
Off Cores. Castings were bled at timed intervals 


afte) pouring. 








diamete The neck sizes required to feed solidly cast 


this size are necessarily so large that the 
carry are truly no longer knock-off risers, 


knock-off core upon the progress ol solidification 
risers 


ines ol 


influence of the core on the solidification of steel 
which they 


is shown in Figs. 8 and 9 
are all solid, attesting to the but, more 
hardly, if at necked-down risers 


th casting and rise 
appropriately, fall under the heading of 


nes in the last row 


that thin (14 to 14 in.) cores are 


ritically related to neck diameter. 
Depth of Casting 


Casting Size 
g In the many instances of feeding failures which 


authors have had little success in the applica epidemically cropped up on different but seemingly 


knock-off risers to castings larger than 8 in. in castings, the one important 


the same size design of 
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Fig. 10—Showing 2-in. Dia. Billets of Different Lengths 
Made with Knock-Off Cores. 







variable which was overlooked. and not taken into 
account in practical application of the knock-off prin 
ciple was the height-to-width relationship of the cast 
ing. For it has been found, as will be shown, that 






the core geometry relationships of thickness and hole 





diameter which have been established as being pro 





ductive of sound castings for a given height-to-width 





ratio are operative only so long as that height-to-width 





ratio remains unchanged. 





In Fig. 10 are shown seven 2-in. diameter castings, 





the first four of which are made in four different body 






lengths, namely, 2, 4, 6, and 8 in. The same design 





of core (14 in. thick, | in. diameter riser neck hole) 





was used in making the first four castings. While the 


in. diameter by 2 in. high, is solid, the 





2] 





first casting, 





other three are not. In fact, each succeeding taller 





casting is progressively. worse with respect to amount 





of internal shrinkage contained. The fifth casting was 





made with a thinner core and a smaller diameter 






neck. Though not solid, it contains less shrinkage 
than the fourth casting. Decreasing the thickness of 
the core still further, that is, to 14 in., resulted in 
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what appeared, on visible inspection, to be a solid 
casting. Radiographic examination, however, disclosed 
the presence of negligible (three spots, each about 
lg ‘nm. in diameter) shrinkage. The seventh casting 
was. made in the conventional manner, without the 
use of any knock-off core. It is not entirely free from 
shrinkage, but is slightly better than the sixth casting 
Similar results were obtained in the series of 4-in. 
diameter castings shown in Fig. 11. From this ey 
dence, it is seen that susceptibility of castings 
shrinkage increases in proportion to their length. | 


obtain freedom from shrinkage in billets 2 and 3, Fig 


11, either thinner cores or larger necks are needed 
(Fig. 13). In Fig. 12 are pictured other interesting 
deviations from conventional practice in the making 
of 4-in. diameter billets by 12 in. high. The first 
casting on the left in Fig. 12 is illustrative of the 
degree of solidity obtainable in this size with to} 
risers without use of a knock-off core. Since some 
shrinkage is evident even with the full neck riser, oné 
can hardly expect improvement in this respect v tha 
knock-off core no matter how thin it is. The third 
casting from the left in Fig. 12 is representative of the 
best result that is obtainable with a knock-off cor 
Lightly padding the castings, after the manner of the 
last two billets in Fig. 12, aids in making the casting 
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Showing 4-in. Dia. Billets of Different Lengths 
Made with Knock-Off Cores. 


ound provided the core is not too thick. In the 6-in. 
meter billets, Fig. 14, the same marked tendency 
ward shrinkage in the longer castings is manifest. 
om an inspection of the third (from left to right) 
isting in Fig. 14, it is seen that the amount of shrink- 
ge is materially decreased by the use of a thin core. 
\s for the 8-in. and 10-in. diameter billet sizes some 
which may be seen in Figs. 15 and 16, considerable 
ilty has been experienced in making them solid, 

in the normal sizes. With neck sizes restricted 

der 23% in. in diameter, sound castings are at 
obtained. More often than not, however, some 
uundness develops directly under the neck. Because 
onsistently sound castings have not been obtained 


in 8-in. diameter sizes, the curve for this size in Fig. 
17 is shown dotted in. Larger neck sizes may be the 
answer to consistency of results, but not the answer 
to knock-off risers. Indications are that the limit of 
knock-off risers is reached on 8-in. diameter billets, 
that this appears to be where knock-off risers yield 


place to necked-down risers. 


Summary 


The variables, core thickness, neck size, casting size, 
and casting depth, which have been previously dis 
cussed, are shown in their proper relationship one to 
the other in Fig. 17. The curves in the graph crystal- 
lize the authors’ observations on knock-off cores both 


with respect to shop practice and shop and field tests. 
The curves show the minimum size of hole and thick- 
ness of core required to feed effectively castings having 
the diameter and length stated on the curve. The 
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Billet Dia t 
Billet Height 12 
Neck Die Solid 
Core Thickness None 
Riser 5x6 
Padded No 





Showing 4-in. Dia. Billets All 12 In. Long 8 in., and 8 in. respectively for 2-in., 4-in., 6-in., and 
Made with Knock-Off Cores. 8-in. diameter billets. 
3. To feed the depth of casting given above, th 


thickness of core should approximate that of Fig. 1) 


lines on the chart represent a boundary condition in ‘ . : 
Greater thicknesses will not allow feeding to contin 


that values above a line produce a solid casting, while ; ' = 
to the degree required to make sound castings. Shor 


values below a line will result in shrinkage cavities 
: castings with length-to-width ratios of one or less tha! 


being tormed in the casting. It is self-evident that “ag 
one are not critically reactive to core thickness 


castings of shorter length than those for which the ' 
t. The authors were unsuccessful in making sound 


curves are drawn will also be sound, The curves are , ' 
10-in. diameter billets using various thicknesses 


theretore applicable to castings equal to, ol shorte) : 
PI 5 I to Il% In.) of knock-off cores with neck sizes tro 


in length than those for which curves are given. Cast i ae ae ‘ 
11% in. to 21% in. in diameter. In this connection 


ines longer than those indicated on the curves cannot 


are in progress using plastic fire brick cores. 
be made sound with the use of knock-off cores. ‘The 5 | 


center-line shrinkage which is wont to afflict such auied 
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Billet Dia 
Billet Height 
Neck Dia 

Core Thickness 


Riser Dia. x 6 Hig! 


8 Dia. x 6 Hig! 


6 
8 Dia. x 6 High 





Fig. 14 


~ 


neck-down riser but rather aid its proper application 
authors state “From the data pre 
delivered by a manually 


use ot the 


In their introduction the 
sented, it that the 
powered 12-lb maul is inadequate to tracture 
Such data does not appear in the 


appears impact 


round necks in 


excess of 254 In 


in diameter 
text 

Lhe correlation attempted by the authors between cold, static 
localized loading of the neck-down core portrayed in Fig. 4, and 
the loading by hot surging metal on either or both sides of the 
core in the mold, seems to the discusser inoperative. Many such 
cores fail several minutes after the pouring has been completed 
destruction of the binders by the heat and 


The type binder and total ex 


Probably due to the 


vielding to the buovant forces 
posed area of the core being the important variables 

In discussing the results of Fig. 7 the authors suggest that the 
neck-down core should heat to a temperature at its center equal 
to or above the solidus of the metal poured, if it is to function 
When discussing the failure to feed increasing 
he diameter of the neck opening would probably result in 
sound casting. Why would the larger neck opening result in a 
higher temperature at the center ot the core? 

Mr. Brinson: The only data we had was practical data. The 
data referred to was the result of actual demonstrations of 
knocking oft with a 12-lb maul. We that the 
correlation between the cold static test and the hot test is only 
extent as test bars for 


satistactorily 


risers realize 


ndicative. It is indicative to the same 
cast iron, or any other metal which is properly fed 
indicative of the metal that you have in the 
casting, cut a sec 


cast steel 
Those test bars are 
casting. It is seldom that vou can select one 
tion from that casting and obtain the same results you do from 
the test bar. You have other variables that enter into the prob 
lem. But the curves do show whether with a certain type of 
core mixture the static load we apply cold will give satisfaction 
able to show just what 


of not. It is just indicative. We are 


Showing 6-in. Dia. Billets of Different Lengths 
Made With Knock-Off Cores. 


strength is required with certain types of binders and 
will stand up under the hot surging of the metal 

In reterence to the remarks on temperature 
shown by the different charts in the paper that the thi 
core, the larger the diameter of the neck. That is prob: 
to the tact that the larger the diameter of the neck, th 
it will take for that neck to freeze, and it will feed a lit 
than it would if the neck was smaller. 
can use a smaller diameter neck than you can with a th 
If \ou increase the thickness of the core, you have to 
the diameter of the neck. The more mold material 
will be your equilibrium temperature; the 
lower heat 


the lowe 
conductivity vou have in 
going to reach in your mold; or the greater mass ot 
have in your mold the higher it is going to heat the 
We have had that point demonstrated in the follo 
If vou try to make a large thin casting in conc 
a large mass of mold material, vou will generally hav 
due to cracks, because you do not have enough heat i 
of the metal to properly break up the mold so it wil 
casting solidifies. You w 
have 


your sands, the 


ample 


grate and vield when vour 
cracked casting instead of a good casting. We 
happen. . 

We feel that this larger neck diameter would feed 
the mass of metal in that neck. 

Mr. Duma: That temperature was mentioned just 
dental result of the test. All other things being equa! 
noted concerning the action of the l-in. t 
namely, first it marked the dividing line between eff 
ineffective feeding of the casting, and secondly, the t 
reached in the interior of said core was less than 2f 
this, the statement was ventured somewhat 


were 


cause ot 
and not too assertively that if the temperature in U 
of a core did not exceed 2650 F the chances were that 


Tk 


ckel 


ibly due 


e longe 


le 


With a thin core 


ick ut 


meta 


moicdc 


wing é\ 





Lk Neck 
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It is not axiomatic th: ilwa ! isl) | not an that a necked-down 


opening will 1 the section. Perhaps 

Discussion The authors should be the opening size ll be larger than th maximum prescribed 

valuable contribution to the proper application he authors tor “knock-off ‘ yut will still be small 

own risers, the effect of depth of section Ihe vai I h to result in an appreciable decrease in the number of 
doubtedly been the cause of mysterious failures of t e inches that must be cut and ground 

risers on certain castings in the past. Howeve rv example, the n. thick core used in Fig. 10 with a l-in 

should be emphasized in the interest of the casual diam opening falls just below the ic between shrinkage and 

e authors have rightfully selected the minimum . lity established in Ret. 9 In t case a thinner core is 

n core thickness that will feed a section licated and. as shown bv the authors will result in a sound 

its diameter to illustrate the effect of casting. Similarly. the in. thick cores th in. diam open 


» 


11 tall the line between shrinkage and solidity 
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sillet Dia 
sillet Height 8 
Neck Dia 2 


Core Thickness A 
Riser 10 Dia. x 8 High 


nN © 


‘ 
12 Dia. x 8 High 





Fig. 16—Showing One 10- and One 12-in. Dia. Billets. 


Fig. 17—Summary of Relations between Core Thick- 

ness, Neck Size, Casting Size, and Casting Depth. 

Values on or above the line produce solid castings in 

shorter or the same length of castings. Necks are 
round, type A. 


for unrodded 


cores established in Ret. 9. A later publication of 
the Steel Founders Society has shown that the size of the open 


must be increased if rods are used in the cores, the increase 


depending on the number and size of the rods, as well as then 


position in relation to the neck opening. In the case of the 
larger castings there are pi ictical disadvantages in the use of 
very thin cores as advocated by the authors. The first is bowing 
up of the core as shown in Fig. 15, due to softening of the core 
when heated to the temperature of liquid steel, even though it 
possesses sufficient strength at lower temperatures 

\n even more important disadvantage of thin necked down 


cores on heavy sections, say over 3 or 4 in Is a t\ pe ol surtace 


shrinkage I hese thin cores become so hot that the metal inh 
contact with the core is the last metal to freeze Vertical sur 
faces, when using side, necked down risers are the most prone to 


this detect and this surface shrinkage can become quite serious 


[hicker cores, as thick as 2 in. seem to be the only solution 


I hie openings ar Ot necessity qu te large far above those 
studied by the authors. The practical advantages of cutting and 
rinding a 25 sq. in. opening in comparison with 314 sq. in. if 
the 20-11 dian rise! was connected directly to the casting Is 


obvious 

Have the authors any theories as to the reason for the 
variation in shrinkage due to depth of section using necked 
down cores? Why are the castings made with no necked-down 
cores not sysceptible to this variation due to depth of section? 

Mr. Brinson: We specifically explained in the introduction 
that in this paper we were referring to knock-off risers and 
not neck-down risers 

Whether vou use a neck-down riser or not reverts to the prin 


ciple ot directional solidification of the casting or temperature 








0.78 1.0F 











L L i 
4 = a 
s. 4a 3) 
Core Thicknes~ Inc 
gradient lo properly feed a casting you have 


temperature eradient so that sections that should 
will do so, and sections that should solidify last 
last whether vou have a neck-down riser, a straight 
other kind of riser system 

Some years ago we made a similar test on Cast 11 
6-in. diam cylinder on a knock-off riser core, and 
riser on top, 6 in. high. After that was poured we 
shrinkage 1'4% in. from the top down. We decides 
need all that riser on top, so instead of putting an 
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nnect 
1 core S at room tempel 
some elevated temperature This core 


and cool the steel first 
is iron test we found that vou have to 


of metal in the riser as compared with the 


etal in the casting. On the thicker cores you in 


amete! lat gives vou more heat to heat up the 


resuit i l middie of that neck has to be 
ce7t 
i0P I think the reason that you get a shrinkage 


nethen this casting is because you are changing the Cyulve 
to volume ratio. When you have a 4-in. diam, 4-in Mr. Brinson 
r and lengthen it to 8 in. you are actually doubling surface area n C amount 
but are not doubling the surface area. Actually, the ume is a cylinder where the 

} 


taken advantage of by 


use the least amount 


oduce a can the heigl 








CORE BOX DESIGNING AND RIGGING 


FOR CORE BLOWING 


_ 


IT IS MANY CENIUR Ssimce man adiscovel if if 


he could melt metal and cast it into objects to serve 
his needs. The molder and the patternmaker have 


come a long way since that time. Today the United 
States is the greatest industrial nation, and the foundrs 
industry played an important part in making it the 
great nation it is. 

Ihe major part of this remarkable progress has 
During 
that time a great change has taken place throughout 


been accomplished in the past thirty vears 


this vast industrial empire. The foundry industry 
during this period, has changed—it might be said—fron 
a “crude art” into an “exact science.” This “exact 
science’” may be more appropriately termed “mass pro 
duction tec hnique.” 

Machines and tools are gradually taking the place 
of skilled craftsmen in the production phase of the 
foundry industry. The blowing of cores is one of the 
most important developments that has taken place in 
a great number of years. A machine and a tool, the 
core blower and the blower core box have taken the 
place of the craftsman, the core maker. When the engi 
neer designs and rigs a core box for the blower he is 
building into the core box some of the skill of th 
craftsman it has replaced 

The basic principle in designing any tool is to have 
it so well engineered that no one part will wear out 
faster than another, and it must best serve the purpose 
for which it was made. Like the proverbial “one 
horse shay’ which was a vehicle so well made that 
after a century of use it one day collapsed, every part 
having worn out at exactly the same time. 

A core box is a precision tool of the foundry, made 
to produce accurate cores, from which precision cast 
ings are to be made. When a core box is rigged for 
the core blower, it is being subjected to one of the 
severest conditions known for any precision tool. It 
must withstand the pressure of a punch press and the 
grinding, cutting action of the sand blast 

At the present time there is a great difference of 
opinion on many questions regarding the design and 
rigging of core boxes for the blower. Like any other 
pattern problem it is almost impossible to lay down 
any standard rules covering this subject. Usually each 
job presents its own problems. 

The purpose of this paper is to arrive at conclusions 


* Industrial Pattern Works, Chicago 


Jacobson 


ot a general nature regarding the best desig 
rial and tec hnique to be used tor a core box 
size and shape. It is hoped tha. from these « 
knowledge will be gained for the use of larger 
smaller cores of a similar nature. 

Ihe machine on which the core box is 


must be considered. There are available many mak 


core blowers of different designs, but their basic py 


ciples are the same. They embody: 
1. A reservoir for sand, 


) 


» 


core box. 


Its very simplicity is what makes it such a hig! 


Pr duct 


increases wit': the core blower, over the hand-r 


efficient part >of the modern core room 
methods, have been phenomenal. Howey 
cases, these increases have been false because ex; 
sive core boxes have been completely ruined du 
improper design and rigging. 

[here are two types of machines for blowing sn 
and medium-size cores 


|. The machine designed for vertical split boxes 


) 


2. The machine designed for horizontal split | 


Three Core Box Types 
sasically there are three types of core box 
common use 
Ihe dump core box (Fig. 1) which is a so 


box, made to load and draw through the san 


) 


2. The 2- or 3-part split core box (Fig. 2) oper 
two ends, such as the gang-pin core box, usual! 


] go, | Dump core box positioned in front 


to show the back end in reflection. 






















2. An inlet for compressed air into this reservo 
An outlet through which sand is blown into th: 


Th 
par 
cor 


by 
































iown in Fig. 3 the choice would be between cast 


x § 


i i 


inum or cast magnesium. 
ehter metal than aluminum its wearing quality 


IBSON 





i ina verti vosition and cores dried in the 
sition on the fiat core plate, and 
booked-type core box, or completely en 
x (Fig. 3) usually blown with the parting 
rizontal position. The name “booked” has 
ived from the days of hand ramming where 
of the box was filled and the loaded halves 
oked” together forming a full core (usually 
a core dryer). 
vaper will be confined to two general types 
ines and three general types of core boxes 
osing an example for discussion, the field of 
mechanization should be considered. Also, a 
should be chosen which would be typical ota 
imber of core problems that come up daily in 
idry business. The type of job chosen should 
e widest possible scope of the subject to be 
es 3 and 4 show the type of core job mentioned 
tern equipment having been engineered by one 
finest pattern engineering departments in the 
ive field. Every detail was carefully studied 
lesign was blue printed and changes made from 
time as experience with blowing problems 
necessary. The job is being run as a 2-gang 
tely enclosed or boeked-type box with parting 
orizontal position using two lower halves and 


ippel 


Consider Weight and Wear Resistance 
deciding factors in the choice of a core box mate 
its weight and wearing quality. For the size of 


Although magnesium 


not been definitely proven under the blower. 
lhe aluminum used by the author is a good grade 


ittern aluminum free from pin hole porosity 


lensity of the metal is essential to the life of a blower 


box because porosity, even if very slight, will 


ie sand a chance to start a cutting action 


Before any machining is done on the casting, several 


sud 


is sound also. 


avy 


uts are made in the deepest parts of the cavity 


\,, in. below the skin with a free-cutting tool 


ly if the cavity is sound the parting of the cast- 


\ll ingot metal should be used and 


sections should be chilled. Nitrogen gas has 


n helpful in preventing gas or pinhole porosity 


' 


analvsis of the aluminum allov used for this 


pose is as follows 


The high silicon makes it possible to pour at com- 


Copper ...... .2.5 to 4.0 per cent 
I sw ate avastieldeien 5.0 to 6.5 per cent 
Magnesium ...... .0.15 per cent max. 
Ens hs eee ee 1.0 per cent max 
eee .0.2 per cent max 
Manganese ....... 0.5 per cent max 
3 er A 0.7 per cent max 


paratively low temperature which makes it ideal for 
core box and pattern castings. 


The general shape of any core box is controlled 
by the shape of the cavity or group of cavities. The 
hould not be made too great in weight, yet it 


DOK 


General Shape of Box 








without qdistortion 


withstand blowei 


must pressure 


Chis particular box (Fig. 3) has the main ribbing 
around the outside back of the box, following the 
general contour of the cavity [his brings the pres 
sure of the clamping action of the blower close to the 
cavity edge, assuring a tight seal at the core box part 


ing Besides this outer ribbing there are two cross 


ribs in the center Ihe wall sections are 3% to "6 
in. thick 
It has been the general 


boxes to make them square or rectangular in shape, 


thought on small blow 
with box-type ribbing, for positioning in the blower 
[his is important, but much consideration should be 
given when designing the shape of the box, so that 
most pressure from the ribbing is applied directly 
above the cavity outline. It has been proven that this 
design of ribbing will add greatly to the life of the 
parting material. 


Locating Box in Blower 
Locating the box in the blower so that the holes in 
the blow plate line up with the holes in the box can 
be done in several different ways. The use of stops 
either on the table under the box or directly on the 
Where 


the cavity shape permits making a box square or rec 


blow plate seems to be the general practice 


tangular in shape, no additional provisions are neces 


sary on the box 


In this case Fig. 4) the bottom steel plat which 


2 


346 in. thick plus a reinforcing strip of 14 x % in., 
is used on the inside right hand corner when the box 


1S 


In other words, the stops 


iS placed on the machine. 
on the machine strike against this steel bottom plate 
of the core box which has two edges at a 90-deg ingle 
on one corner. 

For maximum production, facilities must be pro 
vided for the operator to handle the box quickly 
Here we provide a finger grip on the outside lower 
edge of the steei bottom plate for the operator to 
grip and slide box quickly from the blower 

The work table directly in front of the core blower 
is the same height as the blower table which makes it 
unnecessary for the operator to lift the box. The 
operation is “slide in and slide out.” 

The upper half of the box is made to protrude about 
'4 in. on each side, forming convenient finger grips 
for the operator in drawing upper half from lower half 

The size and number of blow holes and the size 


and number of vents tie in closely, Theoretically, 


“ 


when blowing a core the operator replaces the air in 
with sand of the proper density. The 


the cavity 


604 





provided and not through the parting of the box or 
through some other weak point. 


Provide Ample Vent Areas 

Ihe faster the sand enters the cavity, the greater 
the impact, and therefore, the harder the core. If 
a book-type box without vents were to be blown, the 
only place the air could escape would be through the 
parting. So the theory is that it is much better to “over 
vent” a core box than to “under vent” for maximum 
life of parting material 

lhe upper and lower halves of this core box have an 
This box is rigged to give 
Chere 


equal number of vents. 
maximum permeability to the sand core. 
should be very little built up back pressure through 
the parting, the air having a free flow through the 


vent areas. Besides the slotted vents the parting is 





Fig. 3—Booked-type core box positioned in front of a 


mirror to show the back ribbing in reflection. This is 
the core box before it ts rigged, less vents, facing, 
blow tubes, and inserts. 


completely vented around the entire cavity with 345 
in. diameter holes 14 in. apart. This also helps to 
prevent a leak in the parting material causing the air 
to be directed through the %4,-in. holes instead of 
continuing out through the parting. 

Ihe three 14-in. blow holes in each cavity equal an 
area of 0.59 sq. in. ‘The total effective vent area is 2.95 
sq. in. Therefore there is a ratio of approximately 5 to 1, 
exhaust over intake, without considering the air that 
might vent through the parting. 

[here are ninety 34-in. diameter vents; four 14-in. 
diameter vents; four 54-in. diameter vents, and fou 

,-in. diameter vents. 

The blow bushings are made of cold-rolled steel, 
pack hardened. They are made to protrude into the 
cavity 14, in. and have a thread in the lower end so 
the sand in the blow hole will not draw out and 


become a part of the core. 


Facing on Partings 
he parting on a book-type core box is usually 
the weakest point and must be replaced several times 
during the life of the core box. Steel and brass seem 
to be the materials most preferred for this purpose. 


object is to exhaust the air only through the vents 











DESIGNING AND RIGGING FOR Coy 









There are three factors to consider wh 


material for core box facings: 





1. Maintain good seal, 


9 





Edges must stand up, 





Q 
. 


Cost of replacing. 





In this particular case (Fig. 3) brass is us 





it is easier to replace and bring back to the or; 





cavity line, and it seems to wear as well ste. 





this application. 

Ihe thickness of the facing should | ld 
standard dimensions either 1,4, (0.062) o1 0.) 
in., so that when it is replaced the original dimension 
of the box will be held. Usually the entire parting 
face of a core box is covered with facing, but wherever 
possible, the pressure of the clamping action mug, 
seal the box at the cavity edge because if the sand 
cannot get into the parting, it cannot cut the facing 
material. In this respect (Fig. 4) a marginal facing 
used 54 in. wide around the entire cavity of the by 
directly under the outside ribbing. This will ass 
uniform pressure around the cavity edge without , 

















torting the box. 
None of the facing materials, regardless of hard: 
or abrasion-resistant qualities, will give satisfacto 





























service unless a perfect seal is maintained during | _ 
blowing operation. A 
Steel Inserts Under Blow Tubes h 

It is almost always necessary on an aluminum or 
magnesium core box to provide steel inserts or some { 
other material under the blow tubes. The inserts are de 
of a size that takes in the entire lower half of the . in 
box up to the facing material and are made to be am 
replaceable when worn out. On short-run jobs 1 
insert can be a small round piece set in of a size larg d 
enough to cover the blast area. Thin sheet copper | th 
been used by laying it on the top of the cavity sur r 
face under the blast. In the core box shown in |] mit 
author uses cold-rolled steel, case hardened ast: 

A blower core box must be kept parallel on the 7 
clamping surfaces to insure a good seal on the parting 9 
For this reason steel is used to prevent the box fron 
wearing out of line. The bottom plate on the b 8 
must stand the wear of sliding in and out of the int 
blower. The top plate must be heavy enough and cu 
supported by ribbing underneath to prevent buckling # ”- 
It was found that 14-in. steel was too weak, henct th 
the present design calls for 14-in. plate on top a ! 
%,-in. plate on the bottom. . 

There is no blower core box built that will give “ 
maximum life and maximum production unless it is g- 
maintained. Maintenance of tools and machines | ; 
just as important as the designing and rigging. A 
regular service should be established and the core boxes ny 
inspected every 24 hr. 

There has been much controversy over the weal 9 
resisting quality of one metal over another, and it | 
would be a great advantage te the industry if this \] 
question could be settled definitely. An attempt was id 
made to evaluate the blast resisting quality of one sh 
material over another. Or 

1. The specimens of materials tested were approx It 





imately 4 in. sq. x 34 in. thick, machined smooth an 
true on one surface before the wear resistan © tes 
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lacing 
acing Y, 
K< Drawing of core box for automotive application 
Out 
ird - ; ; ‘ a 
ee \ steel plate 4 in. sq. x 14 1m. thick with a 1-in. and cold-rolled steel drops from 100 to 63.7 per cent 
ameter hole in the center was clamped onto the after hardening. Samples of cold-rolled steel were tested 
: machined surface to serve as a masking. after cyanide hardening and salt bath carburizing with 
\ sandblast machine of the open type, in which none almost the same results. 

5 sand can get back into the system, supplied all The first test was made with cast iron comparable 
lum sand throughout the test. to the iron that would be purchased by a pattern 
r so {. Washed silica core sand No. 60 grit was used shop for a core box casting. Because of the compara 
rts are inder 90-lb pressure through a nozzle opening of tively poor rating of this particular iron, a piece of 
Of the in. diameter directed into the center of the 1-in. close grain inoculated iron was used. This specimen 

O be jiameter opening in the steel plate. 
I § } 
. — = , ? > R 
rs [he nozzle was clamped into a rigid position Paste 1—Brast Resistance Test oF Cort 
arg | the specimens were all placed 2 in. from the end Box MATERIAI 
el f the nozzle. Per 
ty s 6. Using a stop watch each specimen was given a Average Cent of Condition 
2min. blast at a point near the center and two |-min. Item Depthof Eff of 
ists at two other points on the same surface. No Material Cut, In. ciency Surface 
mn the [he pressure gage on the tank and the pressure : . 
arti itl : ibl: achi hed 1. Drill Rod 0.0029 145 Very smooth 
IT ve on the sane ylast machine were watched to see tha. 2. Copper (Hard drawn) 0.0031 135 Verv smooth 
ir pressure did not vary. 8 Cold Rolled Steel 
8. The depth of cut was measured with a ball flat) 0.0042 100 Very smooth 
of the ont dial indicator to 0.0001 in. to the lowest point 4. Brass (Sheet) 0.0055 76.5 Very smooth 
. : F ; Sheet) 0.0060 70 Slight roughne 
» and f cut excluding nits). » Aluminum heet ) ‘ Iness 
: of : peened effect) 
kling } Depths of cuts of the two 1l-min. blasts were added 6. Cold Rolled Steel 
her that of the one 2-min. blast and an average 2-min. Hard) 0.0066 63.7 Very smooth 
ya ling obtained. 7. Brass (85-5-5-5) 0.0083 90.6 oe 
lan 0 ) 
1p) ‘ : Q ’ > aVer- . 
Table 1, Column 3, shows the average depth 8 Drill Rod (Hard) 0.0083 50.6 Very smooth 
| give it the lowest point of wear. 9. Aluminum (Chill Cast) 0.0095 142 Smooth 
' Column 4 shows the percentage of efficiency 10. Inoculated Cast Iron — 0.0099 Same roughness 
hs : . : wr . . , om . . as No. 7 
ie pecime n, using cold rolled steel as I ) per cent, *:. Abie 
: 4 el materials rating from this point. This would Not Chilled) 0.0102 41.2 Pitted, 1, holes 
that if a core box made of cold-rolled steel lasted V6 to %6 apart 
( one made of sheet brass or rolled brass would 12. Magnesium (Sheet) 0.0120 5 Very smooth 
t 76.5 hr 13. Cast Iron 0.0130 $2.3 Very rough 
weal 12. Col 5 | = the liti f tl — 14. Magnesium 0.0210 20 Smooth 
“e “ Olumn 93 shows the conaition of the surtace 5. Lead 0.0410 10.2 Rough 
| specimen after the test. 
this Licht METALS COMPARISON 


\lthough this test does not exactly simulate actual 






= litions of the sand action when blowing a core, 

one ‘should tell something of the wear resisting quality 
one machineable material over another. 

rox it is interesting to note that in both cases where 

al ‘eel was hardened its resistance to abrasion was 






ssened. Drill rod steel drops from 145 to 50.6 per cent 





1. Aluminum (Sheet) 0.0060 158 Slight roughness 


2. Aluminum 


(Chill Cast) 0.0095 100 Smooth 
3. Aluminum 

(Not chilled) 0.0102 93. Pitted 
4. Magnesium (Sheet) 0.0120 79. Very smooth 
5. Magnesium (Cast) 0.0210 452 Smooth 


























tested slightly under aluminum (chill cast), and the 
aluminum specimen had a much better surface 

\ gang-pin core box made of rolled aluminum stock 
rated 70 per cent would outlast the best iron box 
rated at 42.5 per cent. Due to the difference in mat 
rial weights, it is possible to make the aluminum box 
in a larger size with a greater number of cavities 

It will be noted that in all cases rolled material has 
a better rating than cast material. Rolled brass rated 
76.5 per cent against cast brass (85-5-5-5) 50.6 per cent 
Rolled aluminum rated 70 per cent against the best 
cast aluminum of 44 per cent. Cold-rolled steel rated 
100 per cent. Rolled magnesium rated 35 per cent, 
whereas cast magnesium rated 20 per cent 

The cast magnesium does not rate as high as alu 
minum. However this would not necessarily mean 
that magnesium is not a good core box metal. When 
the need is for large core boxes where weight is an in 
portant factor and where the blast is not too close to 
the opposite side of the cavity, or where provisions 
can be made to protect the blast area, magnesium 
could still be considered a good core box material. 


Conclusions 


| Complete cooperation between pattern shop and 
foundry so that design can be predetermined at blue 
print stage 


». Density of the core box material is important 


3. Design of ribbing and general shape of box 
should be given careful consideration. 

!. For maximum production consideration should 
be given as to whether it is necessary to provide special 
features to enable operator to handle box 


5. Proper location and size of blow holes and vents 
should be recognized as a means of prolonging the 
life of a blower core box. 

6. Consideration should be given to the advisabil 
ity of using brass or copper asa parting material. 

7. When using light metals, provisions should be 
made to protect the area under the blow hole by a 
means which would be in direct proportion to the 
production requirements expected from the core box. 


8. Machines and tools must be kept in first class 
condition for maximum production 











DISCUSSION 
PFEFFER, Allis-Chalmers Meg. ¢ 
Tucker, City Pattern & Found 


ising plastics 1s core box can be mace 


ours, just by putting the plastic in the box 


» plastic seems to stand up unde 
must use a plastic that can be tooled 
cannot be handled or tooled, then it would not be 
} shows that the author 
magnesiun experimentally for core boxes 
composition of these allovs: 


The aluminum alloy 


agnesium used was alloy ( 


repaired immediate 


» matter of brass facing 


What would happen if the joint did leak s 


numerous vents in 
Ihe parting is the weakest point 


progresses rapidly due to the abrasive, 
into the core box 


in a core box, and the only wav vou can do that i 


ind ribbing properly it works out satisfactorils 


nance on them is negligible 


a gray iron box would weigh considerabls 
Does the author have experience in 


inserts around » box to prevent leak 


wear of the blowholes themselves but it will pinch off t 


he sand will not have to be knocked off the 


Ltd., Branttord, Ontar 
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[HE PURPOSE OF THIS PAPER Is Lo present a new writing. He will then make the necessary changes in 

ch to the often distressing problem of main engineering records. This insures against unauthorized 
cooperation between the production, metal changes being made 

and inspection personnel, in then combined On the other hand, quality control does have abso 

to keep quality up and costs down. lute authority over the quality of work the produc 

e the authors’ plant makes rough and machined tion departments produce This authority expresses 

rs on a jobbing basis, the bul: of the castings itself in two ways; first, it is their responsibility to de 

| as components of items manufactured in the tect and reject all defective castings. These are sorted 

Only the castings used in the plant’s own prod according to defect or cause of rejection and charged 

ill be discussed. against the department responsible for the rejection, 

[he authors’ interpretation of quality control is such as foundry, machine shop, polishing, plating on 

d as the necessary inspections or process controls assembly. A casting rejected on the assembly line be 

«duce a product to predetermined chemical, phys cause of foundry fault is charged to the foundry, not 

il, dimensional and visual standards at the lowest at the value of the original castings, but with all ae 

st consistent with the standards set. A large con cumulated manufacturing costs up to the time it is 

ting factor to low costs is the keeping of rejects scrapped. Scrap reports are turned in every day so an 

inimum error or carelessness on the part of a production super 





visor or his men is immediately observed 
Quality Control Responsibility The second and more drastic means the quality 
control has at its disposal is the authority to stop 







‘ossibly the most important consideration in setting 
i quality control program is determining to whom production on an item in any stage of manufacture, 


quality control personnel shall be responsible if the rejects become excessive. This usually brings 
corrective results immediately as almost without excep 






s subject can become controversial. However, the 





1 ; . > . | 
ithors made the quality control responsible to the tion, it happens on a job that is being expedited 





engineer, reasoning that the engineering depart [he quality control man, unless he has tact and 





designs the products and should have some is a fair student of psychology, can become disliked, 


ns of assurance that the products they have de ‘at least during working hours,” instead of being an 


d will function as intended when they reach important spoke in a smooth running wheel of his 








customers. manufacturing business 






[herefore, the man heading up the quality control 





sistant chief engineer responsible only to the chief Control Is Loss Preventive 





















ineer. The quality control man has absolutely no Setting up a quality control program and getting it 
ritv ove} production personnel. Production pet into operation may meet with considerabl opposition 
el are held responsible for the quality of the parts from production personne! This is especially true 
uluced by their departments and the maintenance ifter the production man is called to account for ex 
ll equipment and processes in the department cessive scrap or shut down. But if he is open-minded, 
the quality control's responsibility to supply the he will realize that quality control can kee p him out 
roduction departments with all tests, analyses and of more trouble than it will get him into 
ther technical information thev may need in their Quality control, if it is to mean quality and control, 
peration, such as alloy analyses, complete sand analy- must, of necessity, have consideration in the very be 
or both foundry and core room, solution analyses ginning of a product's design. Quality control at the 
. electroplating and the procurement and mainte- authors’ plant starts before the drawings leave the 
ince of all gages and testing equipment. drafting boards in the engineering department. If a 
Production supervisors are free to make any changes new casting is required, the drawing and design must 
their manufacturing procedures or processes when- be approved by three people; the engineer in charge 
ver they feel it will reduce costs. However, the change of design, the engineer in charge of quality control 
ist be submitted to the quality control man in and the chief enginecr. In this way the quality con- 






‘sistant Chief Engineer and ** Vice President in Charge trol man is given the opportunity to question finish 


gineering, Barnes Manufacturing Co., Mansfield, Ohio allowance or dimensional tolerance he is t) maintain 








HOAs 











when the casting gets into production. It 1s equally 


costly to maintain unnecessarily close tolerances as it 





IS LO slight those that should, of necessity, be close 





Therefore, it is important to establish limits that are 





real and prac tical. 





Standards and Process Controls 





After establishing the standards to which the cast 





ing is to be manufactured, the inspection or process 





controls must be set up in every department through 


which the pieces must pass, from the foundry to the 





shipping department. ‘To accomplish these inspection 





and process controls, the quality control man has at 
his disposal the chemical laboratory, foundry control 


laboratory, physical testing laboratory, reports on all 







process data, and departmental inspectors. 

Simplicity is the key to a workable plan, which 
must, in most part, be executed by personnel in the 
shop who are net required to have technical skill. It 
is the job of quality control to collect the facts on a 
casting as it goes through the factory until it is a com- 
pleted part of an assembly. In this way a history can 
be had on which to base design, minimizing past 
trouble in patterns, tooling, finishing and even electro- 
\fter the drawings have cleared the enginee 











plating. 
ing department, the next step is to check the pattern. 
No pattern is permitted to be put into production 
until a rough casting made therefrom has_ been 
checked, machined and rechecked, by quality control. 

An effort is made to get the molders and melters to 
follow the same procedure from one hour to the next. 
It has been found that posting each molder’s daily pro- 
duction and scrap on a large and conspicuously located 
bulletin board in the foundry has injected a spirit of 
competition among the molders, not only in quantity 
or production but in the percentage of scrap produced. 
It also has the effect of forcing the plant to keep pattern 
and core equipment in top condition as the molder will 
complain if he thinks his scrap was high because ‘of 
faulty patterns or cores. 

Large dial type recording pyrometers are used for 
checking pouring temperatures. They also serve the 
purpose of recording the temperature of each pot of 
metal poured. It is remarkable how consistently some 
operators can keep the temperature of the metal they 
melt, and exasperating how far others can miss it. 

Let us retrace the services the quality control per- 
forms in and for the foundry. The foundry laboratory 
takes care of the necessary metal analyses, test bars o1 






















other physical tests when required, as well as all phases 
of sand testing both for the foundry and the core 






room. The foundry patrol inspector is depended upon 
for the source of most of the information to run down 
and stop scrap in the foundry. He checks the foundry 
scrap daily and posts it on the bulletin board. Every 
pattern plate and each casting on a plate carries a 
control number. A record is kept showing the amount 
of scrap and good castings produced daily from each 










pattern plate. 





Accurate Records Essential 






The records make it possible to check patterns, plate 
and molder separately. Often, just by switching pat- 
terns or plates, it is possible to find whether the molder 
















Or ALITY CONTROL IN CASTINGS Pri 





or the pattern or the individual plate is at fa 
ings found defective anvwhere along the li: 
traced hack to the plate, pattern, molder 

These details aid in clearing up poor 


practices. When a man sees his record is no 


»? 


as that of another, he will make an effort to 

Ideas of individuals, innocently put into 
will often create an upsetting influence. T] 
inspector makes it his business to fill in | 
completely, including such things as chang: 
of pour-off racks, venting procedure change 
changed on flask, adding water to mold facing 0) 
ing to use facing, and many others. Also, the 
and temperature are recorded to help settl 
time and core blow disputes. Cores absorb moist 
in damp weather, and exceptionally cold weat! 
change time required for melting. 

The problem in the cleaning room is simpk 
involves checking for proper cleaning, over o1 ‘und 
grinding and the removal of core wires, which c, 
cause serious tool breakage in the machine shop 

A similar approach is used in tracing down troul 
in the machine shop and on the assembly line. T| 
patrol inspector fills out a daily form recording 
tool changes, time down, reason for being down, op 
ator and machine number. At the end of the d 
the inspector and the foreman sign the report 

Ihe department scrap is marked and recorded 
the man who rejects the castings. These reports fro 


each department are correlated into one daily sheet 


The scrap tag is stamped, showing in which dep: 
ment the scrap was produced. 


Daily Production Samples Finished 


Machining and polishing aic done from cu 
daily stock as much as possible. For instance, if tl 
foundry makes 800 pieces per day, and it is possible t 
machine or polish only 500 pieces, 300 are put in stock 


In this way a large sample of each day's production is 


obtained. This is only fair to foundry and causes vi 
little extra work. This procedure was instituted alt 
several experiences with running large quantities 
rough castings which went into stock and later had t 
be scrapped because something had gone wrong in t 
foundry. 

On castings that are to be polished and elect 
plated, it is the practice to put a small sample of ea 
day's foundry run through the polishing operati 
even if the machining has to be skipped, as the dela 
between foundry and polishing is too great. 

The patrol inspector in the foundry is the key 
for he is familiar with all patterns, plates, cores, mold 
ers and floor conditions. He is also familiar with 1 
jects and many of their causes. He correlates all th 
daily reports and records the scrap. The mont! 
summary sheets are also filled in by him. They gi 
an overall picture of the scrap condition and becot 
an invaluable historical record against which the pla 


can judge progress or lack of progress. 

In conclusion, it is felt that the quality contro! sys 
tem outlined in this paper has proved profitable t 
the company in reducing costs by the reduct 
scrap and has practically eliminated the return « 
material from the field. 
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